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Held  May  13—15, 1964  at  San  Francisco  and  Albany,  California 

Agricultural  Research  Service 
UNITED  STATES  DEPARTMENT  of  AGRICULTURE 


THE  TECHNICAL  WOOL  CONFERENCE  held  May  13  to  15,  1964,  at  the 
Sheraton-Palace  Hotel,  San  Francisco,  was  sponsored  by  the  Wool 
and  Mohair  Laboratory,  a  unit  of  the  Western  Utilization  Research 
and  Development  Division  of  the  Agricultural  Research  Service, 
United  States  Department  of  Agriculture. 

The  program  was  developed  by  M.  J,  Copley,  Director  of  the 
Western  Utilization  Research  and  Development  Division,  and 
Harold  P,  Lundgren,  Chief  of  the  Wool  and  Mohair  Laboratory, 
in  cooperation  with  staff  members  and  advisers  representing 
the  wool  industry. 

Representatives  of  industrial  and  governmental  groups,  wool 
growers'  associations,  the  wool  processing  and  finishing 
industries,  research  organizations,  and  chemical  manufacturers 
attended  the  conference. 

At  the  opening  session  William  Baber  of  National  Wool  Growers 
Association,  Richard  D,  Biglin  of  American  Sheep  Producers 
Council,  Robert  W,  Klemer  of  National  Association  of  Wool 
Manufacturers,  and  Eric  G.  Carter  of  the  International  Wool 
Secretariat  responded  to  welcoming  remarks  by  M,  J,  Copley, 
Director  of  the  Western  Division,     Because  of  space  limits 
these  remarks  are  not  included,  nor  is  the  excellent  banquet 
speech  by  Werner  von  Bergen, 

Members  of  the  Wool  and  Mohair  Laboratory  reported  significant 
new  information  on  practical  application  of  polyamide  surface 
finishes  to  wool  fabrics  and  top  for  control  of  shrinkage. 
Other  studies  of  fundamental  properties  and  utilization  of 
wool  were  described.    These  included  research  done  under  contract, 
including  studies  of  polymer  grafting  to  wool  by  means  of  radi- 
ation; resistance  to  wrinkling,  and  effects  of  finishing  treat- 
ments on  fabric  properties.    New  developments  in  leather  and 
cotton  chemical  technology  were  reported  from  the  United  States 
Department  of  Agriculture's  Eastern  and  Southern  Utilization 
Research  and  Development  Divisions, 

Invited  papers  were  supplied  by  the  U,  S,  Army  Natick  Laboratories, 
the  Finnish  Wool  Textile  Research  Institute  (Helsinki),  and  the 
University  of  Manchester  (England) , 

This  report  was  prepared,  with  cooperation  of  the  speakers,  by 
Wilfred  H.  Ward  in  the  Western  Utilization  Research  and  Develop- 
ment Division,  Agricultural  Research  Service,  U,  S,  Department 
of  Agriculture,  Albany,  California    94710,    Copies  are  available 
on  request. 
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UTILIZATION  RESEARCH  IN  THE  U.  S.  DEPARTMENT  OF  AGRICULTURE 


George  W.  Irving,   Jr.  ,   Deputy  Administrator 
Agricultural  Research  Service,   U.S.  Department  of  Agriculture 

Washington,  D.  C. 

Utilization  research  in  agriculture  is  the  endeavor  to  improve  and  broaden  the 
utility  of  farm  products  and  to  discover  their  full  range  of  profitable  uses. 

Producers  of  other  raw  materials  are  also  interested  in  expanding  markets  for 
their  products.    Utilization  research  in  nonagr icultural  fields  has  been  pursued 
vigorously  for  many  years.    One  result  is  increasing  competition  of  new  man-made 
products  with  farm  products.    For  example,   synthetic  fibers  have  made  deep  inroads 
into  cotton  and  wool  markets,   sheet  plastics  replace  leather  for  many  uses,  and 
synthetic  detergents  compete  with  soap.    Many  newly  developed  nonfarm  products 
have  special  qualities  that  are  emphasized  in  promoting  these  products.  This 
emphasis  places  competing  farm  products,   in  their  conventional  forms,   at  a  dis- 
advantage. 

High  costs  of  wool  production  and  processing,   together  with  loss  of  domestic 
markets  to  synthetic  fibers  and  foreign  wools,  have  been  largely  responsible  for 
the  drastic  decline  in  domestic  wool  production  in  recent  years.    Before  World 
War  II,  the  United  States  was  largely  self-sufficient  in  apparel  wool.    Our  average 
production  of  shorn  and  palled  wools  for  the  period  1931-40  was  429  million  pounds, 
while  our  imported  wool  averaged  80  million  pounds.    But  since  World  War  II,  our 
production  (shorn  and  pulled)  has  fallen  to  278  million  pounds  although  our  imports 
have  risen  to  362  million  pounds.    On  the  other  hand,  domestic  mohair  production, 
which  averaged  17.  2  million  pounds  for  1931-40,  grew  to  29  million  pounds  in  1963. 

The  National  Wool  Act  of  1954  stimulated  domestic  production.    A  goal  of 
300  million  pounds  of  shorn  wool  was  set,  one -third  more  than  the  1950-54  average 
of  225  million  pounds.     The  act  directs  incentive  payments  for  wool,  graduated  to 
encourage  production  of  the  higher-grade  wools.    So  far,   total  sheep  in  the  United 
States  which  numbered  more  than  50  million  in  the  1930's  have  increased  only 
slightly  from  26  million  in  1950. 

Nevertheless  sheep  are  raised  in  every  State  and  in  many  States  they  are  an 
important  source  of.  income.    Total  farm  income  from  sheep  exceeds  $400  million 
annually:    two-thirds  from  meat,  one-third  from  wool.     It  is  essential  to  have  stable 
markets  for  both.    Sheep  also  provide  an  alternative  use  for  land  that  produces  crops 
currently  in  surplus. 

How  is  the  Department's  research  on  wool  organized? 

Utilization  Research.    In  1949  the  Department  initiated  utilization  research  on 
wool  and  mohair  at  the  Western  Regional  Research  Laboratory  at  Albany.     The  aim 
is  first  to  help  stabilize  the  industry  at  a  higher  level  of  utilization  by  developing 
wools  and  mohair  of  more  uniform  and  desirable  qualities  and,   second,   by  developing 
cheaper  and  better  manufactured  products  to  encourage  new  and  expanded  markets. 
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Research  on  wool  and  mohair  must  keep  pace  with  competing  fibers  by  creating 
fabrics  of  new  and  better  designs,   colors,  textures,   and  finishes,  and  minimum-care 
fabrics  that  resist  shrinkage,  wrinkling,  and  moths,   and  hold  creases.     We  also  need 
better  industrial  products,   such  as  felts  more  highly  resistant  to  heat  and  chemicals. 

Wool  research  facilities  and  staff  at  Albany  were  expanded  in  1959  with  comple- 
tion of  a  pilot  processing  laboratory  to  enable  promising  laboratory  findings  to  be 
studied  on  a  larger  scale  and  developed  for  practical  application.    In  February  1961, 
a  conference  on  wool  finishing  was  held  at  Albany,  at  which  the  Department's 
WURLAN  treatment  of  fabrics  was  first  demonstrated. 

Not  all  of  our  wool  utilization  research  is  carried  out  at  Albany;  some  is  done 
through  contracts  and  grants.    At  present  contract  research  on  wool  is  carried  out 
in  three  domestic  laboratories.    Dr.  Stannett  and  Mr.  Krasny  will  report  on  two 
projects  at  this  conference.     In  addition,  grants  for  wool  research  have  been  made 
to  six  foreign  institutions  using  foreign  credit  available  for  this  purpose  under 
Public  Law  480.    Dr.  Silen  will  report  tomorrow  on  one  of  these  projects. 

Research  on  Consumer  Use.    The  Department's  consumer  use  research  on 
clothing  and  textiles  at  Beltsville  includes  work  on  wool  which  is  closely  coordinated 
with  utilization  research.     The  Beltsville  group  is  now  testing  knit  goods  made  from 
wool  top  treated  by  the  Albany  laboratory's  new  interfacial  polymerization  technique. 

Farm  and  Marketing  Research.     Closely  related  to  utilization  research  is  the 
work  of  the  Agricultural  Marketing  Service,  aimed  at  developing  improved  grades 
and  standards  for  wools  and  mohair.    AMS  is  concerned  also  with  quality  and  treat- 
ments for  insect  resistance.    The  Department's  Economic  Research  Service  is 
interested  in  economic  evaluation  of  wool  and  mohair  in  relation  to  quality.  A 
recently  completed  survey  of  market  potential  for  WURLANized  wool  products  will 
be  reported  on  this  program. 

Wool  utilization  research  is  also  coordinated  with  research  on  sheep  and  goats 
carried  on  in  the  Department's  farm  research  program  and  at  various  State  Agri- 
cultural Experiment  Stations.     This  work  comprises  investigations  on  breeding, 
genetics,  nutrition,   disease  control,   and  land  and  animal  management.     The  Stations 
also  do  some  work  on  wool  technology,  marketing,   and  consumer  use. 

What  is  the  role  played  by  the  research  advisory  committees? 

Two  advisory  committees  are  concerned  with  the  Department's  research  on  wool 
and  mohair.     These  are  the  Utilization  Research  and  Development  Committee  and  the 
Animal  and  Animal  Products  Research  Advisory  Committee.    Members  acquaint 
themselves  with  problems  of  producers,  processors,  distributors,  and  consumers. 
They  review  current  research  and  marketing  service  programs  and  recommend 
adjustments,   including  terminations,   so  that  available  funds,  personnel  and  facilities 
will  be  used  on  problems  of  greatest  importance.     They  also  recommend  new  work 
or  expansion  of  current  work  and  indicate  priorities,  when  current  progress  is  in- 
sufficient to  develop  solutions  for  important  problems.    Finally,  they  try  to  develop 
a  better  understanding  of  the  value  of  the  research  program.     They  explain  the  De- 
partment's work  to  interested  groups  and  encourage  wider  and  more  rapid  applica- 
tion of  findings. 
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How  does  the  Department  cooperate  with  industry? 


Department  scientists  participate  frequently  in  discussions  with  sheep  and  goat 
raisers  and  with  wool  and  mohair  processors.     In  these  meetings,  our  scientists 
frequently  learn  of  problems  and  initiate  research  on  them.     These  discussions  also 
provide  an  important  channel  for  disseminating  results  of  research  to  those  most 
interested  in  using  them.     The  Department's  policy  is  to  work  closely  with  industry 
to  solve  problems  that  arise  in  the  commercial  adoption  of  finishing  treatments  or 
other  developments  arising  from  our  research.     In  general,  our  policy  is  to  continue 
work  on  newly  developed  processes  only  so  far  as  is  necessary  to  obtain  adequate 
commercial  evaluation.    Frequently,   commercialization  reveals  new  problems  and 
we  often  cooperate  in  solving  them. 

WOOL  UTILIZATION  RESEARCH  AT  THE  WESTERN  REGIONAL 
RESEARCH  LABORATORY 

Harold  P.  Lundgren 
Wool  and  Mohair  Laboratory 
U.  S.  Department  of  Agriculture,  Albany,  California 

At  this  Technical  Wool  Conference  we  particularly  emphasize  man-modified 
wool  and  mohair,  for  we  believe  that  man-modified  fibers  are  the  answer  to  the 
man-made  fibers  that  have  captured  major  portions  of  the  traditional  markets  of 
natural  fibers.    Studies  of  man-modified  wool  and  monair  necessarily  begin  in  the 
laboratory  with  treatment  of  fibers  and  fiber  assemblies  with  various  and  new 
chemicals  able  to  react  with  them.     These  reagents  may  be  unifunctional,  each 
molecule  reacting  with  the  fiber  protein  at  a  single  place,  or  multifunctional  . 
reacting  at  several  places  to  form  either  crosslinks  or  polymers.    Since  wool  and 
mohair  are  chemically  similar,  modification  affects  their  physical  and  chemical 
behavior  similarly.    Several  new  treatments  will  be  reported,   including  our  most 
recent  work  on  modification  by  interfacial  polycondensation  ("polymerization"). 

Closely  associated  with  and  supplementing  the  chemists'  modification  studies 
are  investigations  of  fiber  properties  and  of  the  surface  and  internal  structure  of 
natural  and  modified  wool.     We  shall  hear  about  some  aspects  of  this  work  and 
about  new  swelling  agents  penetrating  and  wedging  apart  the  structure  to  enable 
reactive  chemicals  to  reach  appropriate  parts  to  achieve  desired  effects. 

Our  present  understanding  of  wool  fiber  structure  comes  from  many  tools  of 
research  and  from  laboratories  in  many  countries.    In  our  own  laboratory,  evidence 
of  structural  detail  is  derived  from  X-ray  diffraction,  optical  and  electron  micros- 
copy,  infra-red  spectroscopy,  and  measurement  of  mechanical  and  electrokinetic 
properties  and  chemical  composition,  as  well  as  from  more  modern  instrumentation 
such  as  electron  paramagnetic  resonance,  nuclear  magnetic  resonance,  and  mass 
spectroscopy.    Using  such  studies  to  guide  us,  we  hope  to  achieve  more  refined 
control  of  chemical  modification,   so  that  we  may  direct  changes  of  selected  parts  of 
the  fiber,  achieving  a  wider  range  of  desired  effects  than  are  now  possible. 

When  a  laboratory  treatment  appears  to  yield  technically  desired  results,  we 
transfer  the  work  to  our  processing  laboratory  to  test  its  practical  feasibility. 
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If  the  process  looks  good,  we  get  information  needed  to  translate  the  new  treatment 
to  commercial  use.     We  next  seek  interested  mills  to  carry  out  cooperative  mill  de- 
velopment trials  in  order  to  adapt  the  treatment  for  use  under  available  conditions. 
This  route  was  followed  in  our  interfacial  polymerization  (WURLAN)  polyamide  treat- 
ment of  wool  fabric,  which  went  into  large-scale  commercial  use  during  tlie  past  year. 

WURLAN  designates  a  two-step  polycondensation  treatment,  also  referred 
to  as  interfacial  polymerization>  in  the  presence  of  a  solid  substrate,  which 
anchors  a  very  thin  layer  of  polyamide  or  other  polymer  on  the  fiber  sur- 
face. The  term  is  composed  of  the  initials  of  Western  Utilization  Research 
 plus  LAN  to  represent  wool.  


OPPORTUNITIES  FOR  THE  WURLAN  PROCESS  IN  ALL-WOOL  APPAREL 

Larry  B.  Clayton 
Economic  Research  Service,  US.DA,  Washington,  D.  C. 

I  am  pleased  to  give  you  the  highlights  of  our  research  on  the  market  for 
WURLANized  wool  clothing.    The  following  points  stand  out:    (1)  Complete  machine 
launderability  is  a  characteristic  deemed  necessary  by  retailers  to  meet  demands 
for  easy-care  wools.    (2)  All-wool  goods  now  marketed  with  a  "machine  =  washable " 
label  do  not  meet  this  criterion;  their  sales  have  been  more  limited  than  those  of 
wools  blended  with  other  fibers  to  achieve  easy-care  characteristics.    (3)  Because 
WURLANized  wool  closely  meets  requirements  for  complete  machine  launderability, 
retailers  say  this  process  can  increase  market  value  and  subsequent  sales  of  many 
all-wool  apparel  items.    (4)  Based  on  the  1962  wool  use  pattern,  the  WURLAN 
process  could  be  applied  to  advantage  to  131  million  pounds  of  wool  used  in  all-wool 
apparel. 

To  learn  what  the  market  promises  for  WURLANized  fabrics,  we  showed  pro- 
prietors, managers,  and  buyers  of  40  firms  (representing  some  3,  300  retail  outlets) 
samples  of  WURLANized  and  untreated  wool  fabrics--both  washed  and  unwashed  and 
asked  questions  about  sales  and  need  for  improvements.    The  retailers  reported  that 
present  machine-washable,  all-wool  fabrics  lack  several  characteristics  needed  for 
easy- care  laundering.    Instructions  for  washing  (1)  machine- washable,  all-wool 
apparel  (product  presently  marketed)  and  (2)  machine-launder  able,  all-wool  apparel 
(product  concept  of  what  is  desired)  are  as  follows: 


Equipment,  instructions 

Washing  equipment: 

Agitation  time: 
Agitation  speed: 
Wash  water  temp . : 
Detergent : 
Rinse : 

Extraction: 
Drying : 
Pressing: 


Machine  washable 

Home-style  agitator 

washing  machines 
Short  cycle 
Slow 
Warm 

Specified 
Single — limited 

agitation 
Slow  spin 
Line  dry 

Steam  press  or  use  flat- 
iron  with  pressing  cloth 


Machine  launder able 

Home- style  agitator 

washing  machines 
Full-length  cycle 
Regular 

Hot  (up  to  150 *F.) 

Unspecified 

Double- -regular 
agitation 

Regular  spin 

Tumble  dry  with  heat 

Steam  press  or  use  flat- 
iron  with  pressing  cloth 
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This  table  shows  what  is  meant  by  machine -washable  wools  and  completely 
machine-launderable  wools.     It  specifies  laundering  conditions  that  distinguish  wool 
products  now  available  from  those  which  retailers  want  in  order  to  satisfy  consumer 
desires  for  easy-care  wool  apparel.    Only  about  half  the  retailers  visited  were 
marketing  all-wool  apparel  labeled  machine- washable.    Many  of  these  washable  all- 
wools  have  been  available  for  a  long  time,   but  the  largest  market  penetration  with 
washable  wool  apparel  has  been  accompHshed  with  blends  of  wool  and  other  fibers 
(Table  1). 


Table  1. --Percent  of  retailers  that  sold  machine-washable  wool  apparel,  1962 


Apparel 

All-wool 

Wool  blends 

Percent 

Percent 

All  apparel 

50 

97 

Girls',  children's,  and  infants' 

38 

97 

Women's,  misses',  and  juniors' 

40 

80 

Men's  and  boys' 

41 

89 

Individual  items  (range) 

0-38 

33-97 

Retailers  explained  that  present  market  penetration  of  various  machine -washable  all- 
wool  apparel  is  limited  because  laundering  characteristics  were  not  fully  satisfactory 
to  consumers.    Furthermore,  there  were  too  many  product  failures  and  the  feature 
was  not  available  in  brand  names  of  merchandise  they  wanted  to  sell.     The  WURLAN 
process,   if  adapted  to  every  wool  fabric  used  in  apparel  where  launde r ability  is 
needed,  would  lead  to  sale  of  easy-care  wools  in  (1)  more  retail  stores,  (Z)  more 
ready-to-wear  departments,  and  (3)  more  apparel  items. 

If  WURLAN  meets  criteria  for  machine  launde r ability,  how  big  is  the  market? 
According  to  retailers,   WURLAN  could  be  the  marketable  product  they  need  to  shift 
from  existing  machine-washable  to  the  wanted  machine-launderable  wool  apparel. 
If  so,   WURLAN  treatment  should  be  given  to  all  sweaters,  women's  and  children's 
blouses,   skirts,  and  slacks,  boys'  trousers,  all  socks,  blankets,  and  retail  piece 
goods.     To  arrive  at  this  answer,  we  asked  retailers  the  following  questions  about 
all-wool  apparel.    First,  what  percent  of  each  item  is  now  sold  as  machine-washable? 
Then,  what  percent  of  the  total  would  they  want  to  sell  as  machine-launderable?  If 
the  answer  was  less  than  100  percent  of  the  total,  they  were  asked  to  identify  the 
quality  or  price  lines  of  that  item  that  should  not  be  launderable.    An  example  of 
results  for  one  item  is  shown  in  Table  2. 


Table  2 .--Retailers '  sales  position  on  all-wool  women's  misses',  and  juniors'  skirts 
(1) currently  machine-washable  (2)  desired  as  machine-launderable. 


Skirts 


Number  of 
firms  re- 
porting 


None 
% 


Positions  on  total  sales 


1  to  50 

% 


51  to  90 

% 


91  to  100 

7o 


Washable 
Launderable 


30 
30 


20 
0 


2 
23 
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Twenty  retail  firms  were  not  selling  machine- washable  all-wool  skirts.  How- 
ever,  if  laundering  characteristics  were  so  improved  that  the  skirts  could  be  labeled 
machine-launderable,   Z3  retailers  would  want  to  sell  practically  all  of  their  all-wool 
skirts  with  such  a  label.    Demand  for  this  innovation  in  wool  skirts  is  strongi  For 
example,   retailers  said  college  girls  and  secretaries  desire  to  machine-launder 
their  skirts  in  preference  to  having  them  drycleaned,  a  point  of  promotional  value. 
However,  where  the  neatness  of  drycleaning  and  commercial  steam- pre s s ing  is  a 
paramount  consideration,  home -launde rability  would  not  be  desired.    Retailers  said 
their  special-occasion  or  highest-quality  lines  of  skirts  best  fit  this  description. 

The  final  report  of  our  market  analysis  will  identify  the  retailers'   views  about 
most  all-wool  apparel  as  in  our  example  with  skirts.     The  survey  shows  that  about 
131  million  pounds  of  wool  used  in  1962  needed  machine -launde rability  (Table  3). 
This  estimate,   based  on  wool  in  all-wool  apparel,   does  not  include  wool  used  in 
blends . 


Tahle  ^.--'^/Jool  used  in  all-wool  apparel  and  other  consumer  items  plus  imports, 


WURLAI\F's  potentials,  1962. 


v/ool  consumed 

Estimated  wool  for 

Products 

as  all-wool 

'^rjRLANizing 

Million  pounds 

Million  pounds 

Apparel : 

Women's,  misses',  and  juniors' 

60 

h6 

Men ' s  and  boys ' 

78 

h3 

Girls',   children's,  and  infants' 

18 

8 

Other  consumer  products 

22 

20 

Total 

178 

117 

Imports  of  apparel 

20 

li+ 

Total 

198 

131 

In  conclusion,  four  points  mentioned 

show  that  a  large 

opportunity  exists  for 

WURLAN,    Viewed  in  total,  WURLAN  can  help  the  retailer  merchandise  maiy  all- 
wool  apparel  items.    It  can  give  wool  a  lasting  new  market  dimension  by  adding 
launde  rability  to  its  highly  desirable  natural  properties.    One  final  market  observa- 
tion:   most  retailers  at  the  time  of  the  survey  had  not  heard  of  WURLAN.  They 
wanted  to  learn  all  they  could  about  it  and  be  among  the  first  in  their  city  with 
WURLAN.     They  saw,   in  being  first,a  chance  to  get  a  larger  share  of  retail  markets. 
Evidently  wool  mills  must  not  only  produce  WURLAN  but  promote  it  to  retailers  and 
consumers. 

Discussion  of  Mr.  Clayton's  Report 

Commsnt:    Your  Table  3  showing  the  estimated  market  for  WURLANized  products 
based  on  sales  information  for  196Z  does  not  take  into  account  possibilities  of  growth. 

Clayton:     I  do  not  have  a  reliable  way  of  extrapolating  the  growth  curve.     We  would 
expect  some  increase. 
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THE  STATUS  OF  WOOL  AS  A  .MILITARY  FIBER 


Stephen  J.  Kennedy  and  Frank  J.  Rizzo 
United  States  Ariny  Natick  Laboratory,  Natick,  Massachusetts 
(presented  by  Mr.  Rizzo) 

The  declining^  use  of  wool.     Until  well  into  the  ZOth  century  wool  dominated  the 
military  uniform  (1).    However,  within  a  half  century  other  fibers  have  displaced 
wool  until  today  it  is  largely  restricted  to  service  and  dress  uniforms  and  a  few 
field  items.     The  initial  intrusion  is  difficulty  to  specify,   but  decline  became  impor- 
tant early  in  World  War  II,  when  cotton  replaced  wool  as  the  basic  outer  fabric  for 
field  uniforms.     This  change  resulted  from  a  radical  change  in  tactics.  During 
World  War  I  it  became  evident  that  wars  could  no  longer  be  fought  at  the  convenience 
of  either  side  but  must  be  prosecuted  without  interruption  by  weather,   season,  time 
of  day,  or  other  circumstance. 

The  effectiveness  of  this  concept,  further  developed  by  the  spread  of  global  war 
in  World  War  II,  which  took  from  the  soldier  even  the  limited  shelter  of  trenches, 
made  it  obvious  that  the  outer  layer  of  cold-weather  clothing  had  to  be  water  repel- 
lent and  wind  resistant.     Cocton  fabrics,  which  could  provide  these  characteristics 
and  also  resist  wear  and  tear,   replaced  wool  in  the  shield  layer  of  the  field  uniform. 
Wool  then  assumed  the  role  of  insulation,  for  which  it  is  eminently  suited. 

Cocton  proved  a  worthy  choice  for  other  reasons,  particularly  as  a  substrate  for 
many  functional  properties  which  could  be  obtained  only  with  additive  finishes. 
Chemically  and  physically,  wool  was  less  suited  for  such  finishes;  and  in  fact  many 
of  these  finishes  applied  to  wool  would  have  seriously  impaired  its  value.  Strangely, 
as  newer  tactical  concepts  and  weaponry  tend  to  create  a  need  for  further  changes  in 
the  shield  layer  of  the  uniform,  the  new  materials  now  assuming  a  significant  role 
are,  like  wool,  polyamides.    As  one  studies  the  molecular  constitution  of  wool,  one 
cannot  help  being  impressed  by  the  fact  that  the  linkages,  dithio  or  disulfide,  that 
are  responsible  for  many  of  wool's  valuable  features  are  also  a  sort  of  Achille s '  heel. 
This  vulnerability  of  the  dithio  linkage  is  responsible  in  many  ways  for  wool's  pres- 
ent loss  of  its  dominant  role  as  a  military  fiber. 

It  is  well  known  that  the  dithio  linkage  contributes  to  maintenance  of  scale 
structure  and  its  contribution  to  felting.    Similarly,  it  governs  and  limits  mechanical 
properties  and  structural  stability,  expressed  in  high  resilience  and  the  crimp  and 
loftiness  needed  for  air  entrapment  and  warmth,  and  also  in  ability  to  achieve  a  set 
and  many  other  properties.    Evan  moisture  regain,  perhaps  the  most  important 
property  not  directly  contributed  by  the  dithio  linkage,   is  somewhat  dependent  on  it 
because  the  cross  links  limit  fiber  swelling.     These  strong  points  are  impressive, 
but  the  weaknesses,  most  of  them  again  Velated  to  this  linkage,  may  determine  the 
survival  of  wool.     These  weaknesses  prompc  much  ol  both  civilian  and  military 
research  on  wool.     We  >vish  to  review  a  few  areas  of  our  recent  efforts. 

Antifelting  systems.    Felting,  which  makes  possible  many  beautiful  surface 
finishes  on  wool  fabrics,   is  undesirable  in  military  field  use  because  of  service 
conditions  and  cleaning.     This  problem  has  prompted  development  of  antifelting 
systems.    Today  (Table  1)  many  antifelt  processes  are  approved  for  wool  military 
textiles  and  end  items.    New  processes  are  being  added  as  they  are  shown  to  be 
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Table  1. --Approved  antifelt  processes  for  military  use. 


Controlled  oxidation 


Resin  treatments 


Dylanize  SW 

Dylanize  X 

PCroy 

Kelpie 

Schollerize 

Harriset 

Whitaker  Process  WH-2 

Chatham  Continuous  Chlorination  Method 

(ciM  Controlled  Chlorination 

WB-7 

Melafix  II 


Res loom  M-75 
Lanaset 
Kymene  557 
VAJRLAN 


satisfactory.    The  latest  authorized  addition  is  WURLAN,  the  interfacial  polymeriza- 
tion process  developed  here  at  the  Western  Regional  Research  Laboratory  (2).  We 
have  high  regard  for  this  process  and  are  encouraging  the  industry  to  use  it.  Although 
we  class  this  as  a  resin  treatment,  we  are  impressed    because  it  contributes  plus 
values  to  fabric  quality.    Being  a  minimal  surface  treatment,  performing  its  antifelt 
function  with  little  or  no  mechanical  or  chemical  change  in  the  fiber,  WURLANizing 
leaves  fabric  physical  properties  improved  or  unaltered;  there  is  no  chemical  de- 
terioration; shade  and  colorfastness  effects  are  small;  and  the  dithio  interchain 
cross  links  are  not  disrupted,  as  occurs  with  controlled  oxidation  and  is  possible 
with  some  resin  finishes.    Therefore,  the  fabric  is  not  predisposed  to  deteriorate  in 
processing  or  use. 

The  cost  of  WURLAN  is  at  the  moment  the  main  deterrent.    We  have  seen  its 
application  on  wool  top,  yarns,  and  fabrics,  and  wool- synthetic  blends.     The  industry 
appears  to  be  looking  at  the  process  with  imagination.    We  feel  that  there  is  a  high 
potential  for  a  variety  of  significant  fabric  properties  with  this  process. 

Industry  is  continuing  to  supply  the  military  with  antifelt  fabrics  treated  by  other 
processes  on  the  authorized  list.     We  see  no  justification  for  excluding  them  at  this 
time.    By  and  large  they  are  inexpensive.     They  require  only  moderate  control  in 
application.    There  are  no  reactant  recovery  problems.    In  view  of  the  high  activity 
of  the  reactants  in  many  processes,  they  produce  fabrics  with  relatively  little  damage 
to  the  fiber  or  loss  in  service.    Properties  such  as  warmth,  resilience,  and  general 
durability  are  influenced  to  a  minor  degree.     Thus,  until  the  WURLAN  process 
achieves  wider  acceptance,  these  other  processes  will  continue  to  be  used. 

Permanent  creas ing.    Permanent  setting  of  wool  is  also  related  to  the  dithio 
linkage.     Permanent  creases  have  been  known  to  occur  accidentally,   particularly  in 
the  dyehouse  and  in  wet  finishing.    Until  the  Siroset  (3),  the  monoethanolainine 
sulfite  (4),  and  the  monoethanolamine  (5)  processes  were  developed,  a  satisfactory 
process  for  military  use  did  not  exist.    Earlier  processes  led  to  major  deterioration 
in  the  fabric.    With  the  advent  of  the  monoethanolamine  and  tlie  monoethanolamine 
sulfite  processes,  uniforms  could  be  processed  to  provide  this  additional  value.  It 
is  expected  that  military  trousers  will  be  treated  routinely  for  permanent  creasing 
in  the  near  future.     The  Surgeon  General  has  approved  both  processes.  Because 
odors  occasionally  develop  with  the  monoethanolamine  sulfite  process,  we  intend  to 
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confine  spscif ications  to  nnonoethanolamine .     The  necessary  equipment  has  been 
installed  at  the  Defense  Clotliing  and  Textile  Supply  Center  in  Philadelphia.    We  have 
also  looked  into  the  matter  of  equipment  and  know-how  within  the  industry. 

In  any  new  development,  we  follow  a  prescribed  procedure.    Many  steps  beyond 
research  must  be  taken  before  a  new  idea  can  be  adopted.     We  first  do  laboratory 
work  on  efficacy  of  the  process  and  its  effect  on  fabric  properties  and  shade,  and 
determine  control  tests  to  insure  the  required  quality.    Having  achieved  a  satisfac- 
tory result,  we  test  end  items  under  the  direction  of  the  U.S.  Army  Test  and  Evalua- 
tion Command  to  obtain  the  user's  reaction  and  approval,   so  tliat  classification  of  the 
item  as  a  standard  can  proceed. 

In  the  case  of  permanent  creasing,  a  test  for  adequacy  was  accomplished  on 
wool  serge  trousers  by  the  QM  Field  Evaluation  Agency  during  two  wear  seasons  (6). 
The  results  were  expressed  in  the  conclusions  to  the  final  report  as  follows:    (a)  The 
d  irability  of  the  treated  and  untreated  trousers  is  equal  and  satisfactory,    (b)  The 
appearance  of  the  treated  trousers  is  satisfactory  and  better  than  that  of  the  standard 
untreated  trousers,    (c)  The  crease  line  retention  of  treated  trousers  is  satisfactory 
and  is  better  than  that  of  the  standard  untreated  trousers.     This  report  further  recom- 
mended that  "the  permanent  creasing  finish  be  considered  suitable  for  type  classifi- 
cation. " 

The  summary  responses  of  the  test  participants  to  questions  about  appearance 
and  crease  retention  are  in  Tables  Z  and  3.    In  Table  4  is  a  statement  of  preferences. 
Despite  tlie  fact  that  preferences  for  the  treated  trousers  were  significant,   in  a  few 
cases  other  undefined  characteristics  of  the  material  influenced  the  individual's 
judgment. 


Table  2. --Responses  of  test  participants  regarding  appearance.  

s,uestion:     '.-rnich  type  do  you  classify  as  better  concerning  general  appearance? 

Ifo.  of   Frequency  of  response  

Interview  period       respondents        Std.  better       Treated  better^        No  difference 
Season  1 


1 

39 

6 

22 

11 

2 

36 

k 

21 

11 

3 

37 

1 

29 

7 

h 

36 

3 

20 

13 

5 

29 

2 

2h 

3 

Season  2 

1 

32 

3 

21 

8 

2 

27 

3 

17 

7 

3 

30 

k 

13 

13 

h 

30 

1 

l6 

13 

'Significant  at  the  5  percent  probability  level. 
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Table  3. --Responses  of  test  participants  regarding  crease  retention. 


Question:     Vfliich  type  do  you  classify  as  better  regarding  crease  retention? 

 Freq^uency  of  response 


Interviev/- 
period 


No. 

respondents 


Standard  trousers 


SI. 

better 


Much 
better 


Treated  trousers^ 


SI. 

better 


Much 
better 


No 

difference 


Season  1 

1 
2 
3 
k 

5 

Season  2 
1 
2 
3 
h 

^Treated 
probabi 


39 
36 
37 
36 
29 

32 
27 

30 
30 


15 
10 

15 
13 

10 
2 

7 

9 

10 


Ih 
19 
15 
16 
16 

21 

13 

7 


9 
5 
h 

5 
2 

3 
5 
9 
10 


trousers  classified  as  better  than  standard  at  the  5  percent  level  of 
lity. 


Table  4. --Participant  responses  regarding  preference. 


Preference 


Interview  No.  No 
period             respondents                  Standard                        Treated  difference 

Season  1 

1  39  ^  30  5 

2  36  3  29  ^ 

3  37  2  31  h 

4  36  3  28  5 

5  29  3  2h  2 
Season  2 


1  32                            7  23  2 

2  27                                 h  19  k 

3  30  h  19  7 
i^-                        30                                 2  18  10 

^Significantly  preferred  at  the  5  percent  probability  level. 


Figure  1  shows  t±ie  appearance  of  the  trousers  with  and  without  treatment,  after 
they  were  allowed  to  become  wet.    Effectiveness  of  the  treatment  appears  to  depend 
on  fabric  construction  as  one  of  several  factors.    We  experience  no  difficulty  with- 
fabrics  in  tropical  weave  and  serge  but  have  been  unable  to  achieve  a  completely 
satisfactory  permanent  crease  on  fabrics  such  as  elastiques  even  after  increasing 
concentration  of  agent  to  levels  that  tend  to  produce  damage  to  the  fabric.  This 
work  with  elastique  fabrics  further  shows  that  treatment  tends  to  produce  shrinkage 
by  relaxing  fabric  strains  not  normally  recognized.     The  crease  line  in  high-twist 
yarn  fabrics  tends  to  bow  when  the  garments  are  treated  with  monoethanolamine. 
This  observation  suggests  that  the  process  may  be  used  to  achieve  strain-free 
fabrics.    It  is  well  known,  for  instance,  that  crepeing  in  fabrics,   created  by  high- 
twist  yarns,   is  normally  eliminated  by  crabbing  and  decating,  which  achieve  their 
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result  essentially  by  the  mechanism  of  permanent  creasing.     It  appears  that  mono- 
ethanolamine  may  prove  valuable  either  by  itself  or  combined  with  standard  finishing 
procedures. 


Figure  1:    Appearance  of  mono- 
ethanolamine-treated  trousers 
worn  in  "rain  room"  -  rear  view. 


Untreated  Treated 


i^5i!il}P£2£'lii^*   Because  the  military  must  maintain  stocks  of  textiles,  protection 
of  wool  against  moch  and  beetle  damage  is  important.     Chemical  modification  of  the 
dithio  linkage  by  processes  such  as  rupture  of  the  dithio  linkage  and  alkylation  of  the 
mercapto  functional  groups  has  heretofore  produced  poorly  durable  fabrics.  Con- 
sequently,  insect  control  by  additive  toxicant  finishes  is  preferred.    Over  the  years 
we  have  studied  available  commercial  procedures  and  a  number  of  experimental 
methods.    Since  195Z,  we  have  prescribed  DDT.    Although  we  have  studied  Dieldrin 
at  great  length,   it  is  unlikely  to  be  used  for  military  fabrics  because  we  have  been 
unable  to  obtain  clearance  from  the  Surgeon  General  for  this  extremely  toxic  product. 

As  reported  for  Dieldrin,  DDT  is  somevvhat  substantive  to  wool  (7).     Work  on 
substantivity  of  DDT  is  not  complete,   but  available  data  are  interesting.    DDT  is 
more  easily  removed  in  laundering  than  in  wet  cleaning  witii  even  so  powerful  a 
solvent  as  perchloroethylene.     These  observations  suggest  a  mechanism  of  hydrogen 
bonding,   so  that  further  research  may  provide  a  rneans  of  increasing  the  substan- 
tivity of  DDT  to  \vool,  thus  affording  the  greater  permanence  needed  to  protect  items 
through  their  useful  life. 

Fiber  blends.     Be/ond  the  factors  already  enumerated,  wool's  continuing  status 
as  a  military  fiber  must  be  ascribed  to  aesthetic  and  insulating  values,  characteris- 
tics now  strongly  challenged  by  man-made  fibers.     These  two  attributes  of  wool  and 
its  moisture  transport  properties  make  it  almost  maadatory  at  present  that  man- 
made  fibers  be  blended  with  wool  --  a  trend  being  pursued  aggressively  for  optional- 
wear,  warm- weather,  lightweight  dress  uniforms. 
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The  factors  involved  are  essentially  those  that  prompi;  the  move  of  blends  into 
the  civilian  market,  mainly  a  need  for  lighter- weight  materials.     The  study  was 
directed  to  tropical- we ight  fabrics  in  which  all-wool  constructions  were  compared 
with  wool- synthetic  blends  in  various  compositions.     The  work  included  a  large- 
scale  test  over  two  seasons  in  which  durability  and  appearance  retention  were 
evaluated  in  normal  wear.     The  results  show  that  polyester-wool  blends,  where  the 
percentage  of  polyester  fiber  is  slightly  dominant,  have  improved  durability  and 
appearance  (8).    Interestingly,  all-wool  was  next  in  preference. 

Early  work  with  the  polye ste r- wool  blend  was  with  the  standard  summer  tan. 
With  this  we  experienced  difficulty  in  control  of  shade  and  inadequate  colorfastness 
on  both  all-wool  and  polye  ste  r- wool  fabrics.    Darker  shades,  notably  the  standard 
Army  Green  may  therefore  be  adopted  for  year-round  use  for  the  Army  uniform. 

Most  of  the  shade  and  colorfastness  problems  with  wool  and  part-wool  fabrics 
stems  from  the  tendency  in  industry  to  shorten  processing  time  and  lower  tempera- 
ture.   While  these  practices  derive  from  desire  to  reduce  adverse  effects  on  fiber 
properties,  they  also  influence  bond- strength  between  fiber  and  reactants  as  shown 
in  many  ways,  and  in  particular  in  inadequate  shade  control  and  lowered  colorfast- 
ness.    The  beneficial  influence  of  factors  in  fabric  wet  finishing,   particularly  high 
temperature  on  dye  fixation  on  top-dyed  fabrics,  has  been  demonstrated  (9). 
Accordingly,   success  of  wool  and  wool  blends  for  military  use  depends  largely  on 
the  ability  of  the  dyer  and  finisher  to  process  at  levels  tliat  achieve  military 
requirements . 

_Wear  resistance  of  wool- s_yn  the  tic  blend  fabrics.    Wool- synthetic  blends  have 
also  been  studied  for  field  use,  particularly  as  a  means  to  accomplish  wool  conserva- 
tion in  the  event  of  shortages  as  in  the  early  1950's  during  the  Korean  conflict.  The 
studies  have  considered  the  contribution  of  synthetic  fiber  type  to  wear  resistance 
in  both  laboratory  and  accelerated- wear  tests.     The  referenced  fabric  for  the 
program  was  the  standard  Z-ply  18-oz.   serge  that  has  been  in  Army  use  since  early 
in  World  War  II.     The  blends  contained  viscose  rayon,  acrylic,  modacrylic, 
polyester,  or  nylon  fiber.    Several  combinations  were  studied  as  well  as  percentage 
of  wool  fiber  in  the  blend  and  variations  in  wool  grade. 

The  conclusions  of  the  laboratory  study  (10),   based  primarily  on  functional 
properties,   show  that  all-wool  fabrics  are  approached  in  general  characteristics 
by  a  blend  of  70%  wool,   20%  viscose  rayon,  and  10%  nylon.     Two  other  blends  are 
considered  suitable,  namely  an  85%  wool,  15%  nylon  and  a  70%  wool,   30%  viscose 
blend.    In  selection,  thermal  resistance  was  weighted  heavily  since  field  require- 
ments are  most  important.    Rankings  based  on  field  considerations  or  field  use 
under  a  thermally  protecting  over-layer  tend  to  favor  wool/nylon,  wool/ polyester, 
and  wool/acrylic  systems  in  that  order. 

It  was  suspected  that  the  wear  resistance  of  blends  might  modify  conclusions 
reached  from  laboratory  data.    As  background  to  laboratory  study  of  wear  resistance 
and  to  reduce  the  laboratory  testing,  two  phases  of  accelerated  wear  test,  three 
years  apart,  were  carried  out  on  a  wear  course  at  Ft.  Lee,  Virginia.     In  botli 
phases,  distinct  differences  in  wear  among  the  experimental  fabrics  becamfe  apparent 
(Figures  2  and  3),     When  data  of  Phase  I  are  normalized  to  tlaose  of  Phase  II  via  the 
relative  wear  score  of  the  all-wool  serge  control  used  in  both  phases,   tlie  data  shown 
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Figure  2:    Wear  scores  -  Phase  I  test. 


Figure  3:    Wear  scores  -  Phase  II  test. 
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--Wear  scores  for  Phase  I  (adjusted)^  and  : 

Phase  II 

tests , 

Fort  Lee 

Phase 

V^VJl.  JL  C  i.  • 

c  od  6 
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ijabr  ic 

I 

II 

J~  CL     L.  L/L 

c 

A2 

7v/ jO  wool/nyion 

0.5 

1 .00 

8  S 
O.J 

^1 

70/30  wool/polyester 

*7  ^ 

7 . 0 

J.  .  ^  o 

E2 

70/30  wooi/modacryilc 

iO .  1 

1  no 

10  1 

J.VJ  .  X 

Gl 

cSj/ij  Xi700i/ polyester 

i.  .  ^  o 

17  7 
J-  /  .  / 

p  Ann? 

F2 

85/15  wool/modacrylic 

zo .  / 

1  nn 

■L  «  WW 

?n  ? 

G2 

70/ZO/iO  x70oi/visc/nyion 

OA  0 

ZO .  J 

1  on 

J-  •  w  w 

?n 

w  .  ^ 

Lj-j  y  oy 

^1 

70/30  wool/viscose 

22.4 

?P,  7 

Vj_J  -?  o 

C2 

70/30  56's  wool/3d  viscose 

-  - 

31.7 

1  on 

■51  7 

G5999 

D2 

70/30  wool/5. 5d  viscose 

32.2 

1.00 

32.2 

G5992 

Bl 

1007c,  wool  (orig.  control) 

27.3 

1.28 

34.9 

G5997 

Cl 

1007„  55 's  wool 

28.3 

_  _ 

1.28 

36.2 

OD  33 

lOOZ  wool  OD  33  control 

30.1 

38.4 

1.28  &  1.00 

38.5 

G6004 

B9 

85/15  wool/viscose 

40.2 

1.00 

40.2 

G5996 

% 

70/30  wool/viscose,  satin 

37.6 

1.28 

48.2 

^Adjustment  factor 

,  1.28. 

^Unless 

otherwise 

indicated,  all  fabrics  were  made 

with  60' 

's  wool 

in  a  2x2  twill 

weave, 

and  all 

non-wool 

yarns  were  3-denier. 

'^The  lov7er  the  score,  the  better  the  wear  resistance. 

in  Table  5  are  obtained.     The  significant  conclusions  -  some  expected,   some  new  - 
are  as  follows:    First,  nylon,  polyester,  and  modacrylic  fibers  contribute  substantial 
wear  resistance.    Second,  the  positive  contributions  of  nylon  and  polyester  fibers  to 
wear  resistance  exceed  that  of  any  other  class  of  fiber.     Third--and  this  is  un- 
expected--the  modacrylics  serve  relatively  well  in  blends  with  wool.    Fourth,  fabrics 
made  with,  different  grades  of  wool  do  not  differ  in  wear  score.    Fifth,  the  wear 
scores  of  wool-viscose  blends  depend  very  much  on  fabric  construction  and  very 
little  on  denier  of  the  viscose.    For  comparable  construction,  the  wear  scores  of 
these  viscose  blends  vary  from  somewhat  better  to  a  little  worse  than  the  scores 
for  all-wool  fabrics. 

The  seven  fabrics  tested  in  Phase  II  of  the  wear-course  study  were  also  tested 
in  the  laboratory  with  the  Stoll-Flex  Abrader,   Model  CS-39  with  Blade  396,  and  a 
new  sand  abrader,   designed  in  our  laboratory  to  simulate  wear  encountered  in  the 
wear  course.    Tables  6  and  7  show  the  Stoll-Flex  and  sand  abrader  data.  These 
reveal  that  the  Stoll-Flex  does  not  agree  with  wear  course  rankings.    The  deviation 
is  greater  when  the  test  is  taken  to  the  threadbare  state  than  when  taken  to  rupture. 
The  sand  abrader,  however,  gives  much  better  correlation,   indicating  that  its 
mechanism  of  wear  is  more  closely  akin  to  that  of  the  wear  course. 

In  evaluating  factors  contributing  to  observed  performance  of  blends,  Weiner  (11) 
has  used,  with  some  modification,  the  technique  recommended  by  Hamburger  (12) 
for  predicting  abrasion  resistance  of  a  fabric  in  terms  of  the  inherent  energy- 
absorbing  characteristics  of  the  component  fibers  or  yarns.     The  relationship 
obtained  by  Weiner  is  shown  in  Figure  4.     The  agreement  achieved  suggests  that 
wear  resistance  of  a  fabric  indeed  depends  on  energy-absorbing  properties  of  the 
component  fibers.     Those  fibers  providing  the  highest  integrated  work  values 
produce  fabrics  with  the  best  wear  score.     This  study  not  only  permits  grading  a 
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Figure  4:  Rslationship  between  fabric  wear  course  scores  and  yarn  work  coefficients, 
Table  6 ,--Stoll-Flex  abrasion  and  fabric  wear  course  data  -  Phase  II. 


Fabric 


A2  70/30  v;ool/nylon 
£2^70/30  wool/modacrylic 
85/15  wool/modacrylic 
G2  70/20/10  wool/visc/nylon 
C2  70/30  wool/vise  '3d) 
D2  70/30  wool/vise  (5.5d) 
85/15  wool/ vise 


B2 
Note 


Stoll-Flex 

abrasion 

Fabric 
wear  course 

To 

rupture 

To  threadbare 

(score 

)  (rank) 

(score) 

(rank) 

(score) 

(rank) 

8890 

1 

2870 

1 

8.5 

1 

1310 

4 

1180 

6 

10.1 

2 

1000 

7 

1020 

7 

20.2 

3 

2320 

2 

2030 

3 

20.3 

4 

1670 

3 

1330 

5 

31.7 

5 

1280 

6 

1500 

4 

32.2 

6 

1300 

5 

2110 

2 

40.2 

7 

No.  1  represents  the  best  ranking  fabric. 


Table  7. — Sand  abrasion  evaluation  and  wool  fabric  course  data  -  Phase  II. 


Fabric 


Wool  fabric  course 
 rankings  


By  3  observers,  A,  B,  C. 


Sand  abrader  rankings  Avg . 

Obs.  A    Obs.  B    Obs.  C    Avg.  ranking 


70/30  wool/nylon 

1 

1 

1 

1 

1.0 

1 

70/30  wool/modacrylic 

2 

3 

3 

4 

3.3 

3 

85/15  wool/modacrylic 

3 

4 

5 

3 

4.0 

4 

70/20/10  v;ool/visc/nylon 

4 

2 

2 

2 

2.0 

2 

70/30  wool/vise  (3d) 

5 

5 

4 

5 

4.7 

5 

70/30  wool/vise  (5.5d) 

6 

6 

6 

6 

6.0 

c 

85/15  wool/vise 

7 

7 

7 

7 

7.0 

7 
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series  of  fabrics  in  terms  of  wear  resistance  but  also  provides  ideas  as  to  possible 
mechanisms  of  wear  in  fiber  blend  systems. 

Wool  for  insulatj.on.    The  insulating  qualities  of  wool  are  related  to  two  of  its 
characteristics:    (a)  its  ability,   by  virtue  of  crimp,   compre s s ional  resistance,  and 
general  structure,   to  entrap  air  and  to  provide  a  still  air  layer  atid  (b)  its  moisture 
regain,  with  high  heat  of  regain  (13).    Biophysical  studies  under  our  sponsorship 
(14,  15)  show  that  for  the  man  in  the  field,  wool  is  less  desirable  and  efficient  than 
synthetic  fiber  battings.    In  contrast  to  the  behavior  of  fiber  battings,  wool  does  not 
transfer  moisture  to  the  environment  rapidly  enough  in  times  of  high  work  stress; 
as  a  result,  moisture  retained  into  periods  of  reduced  effort  seems  to  reduce  its 
insulating  power.     This  means  that  tlie  soldier  experiences  chilling  when  his  activity 
is  reduced. 

These  findings  come  at  a  time  when  decrease  in  the  combat  load  of  the  soldier 
must  be  effected  to  provide  mobility  for  tactical  demands.     In  consequence,  wool's 
standing  as  an  insulating  fiber  is  being  reduced.    Lightweight  synthetic  battings  are 
replacing  wool  in  the  new  integrated  combat  clothing  system  and  in  other  items  of  the 
combat  soldier's  load. 

Conclusions.  Much  of  the  future  of  wool    as  a  military  fiber  will  depend  upon 
how  effectively  the  dithio  linkage  can  be  stabilized.    If  we  consider  present  antifelt 
and  other  treatments  which  react  with  the  dithio  linkage  and  particularly  the  low 
level  of  effect  on  fiber  properties  achieved  thereby,  then  coupling  this  with  the 
chemistry  of  modern  wool  dyes,  particularly  those  of  the  reactive  and  the  Z:l- 
metallized  classes,  one  is  led  to  the  thought  that  practical  processes  for  stabilizing 
the  dithio  linkage  with  essentially  topochemical  treatments  may  become  possible. 
Such  approaches  could  some  day  take  care  of  shrinkage,  moch  susceptibility,  and 
other  deficiencies  of  wool  which  are  attributable  to  the  dithio  linkage,  and  at  the 
same  time  improve  its  wear  resistance.    We  do  not  wish  to  predict  that  such  develop- 
ments will  restore  wool  as  a  major  military  fiber,   but  they  could  go  a  long  way  to- 
ward stabilizing  its  position  in  the  face  of  keen  competition  from  man-made  fibers. 
Such  achievements  would  also  have  value  to  wool  in  the  civilian  economy. 
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^ll^'i^.^.i? IL2l 2^1 '  o's  Repor t 

Question:      Do  you  plan  to  install  equipment  for  WURLANizing? 

Rizzo:      Army  policy  is  not  to  compete  with  industry.    Our  treating  unit  for  mono- 
ethanolamine  is  used  only  for  testing  and  experimental  purposes.     We  do  not  plan  to 
install  equipment  for  WURLANizing. 

Question:      Have  you  tested  WURLAN- treated  materials  on  the  wear  course? 
Rizzo:      No.    However,   some  laboratory  comparisons  indicate  that  fabric  wear 
resistance  is  decidedly  improved  by  WURLANizing. 

Que s tionj      What  percentage  of  military  fabrics  have  shrinkproof  finishes? 
Rizzo:      All  wool  items  that  need  to  be  laundered  in  the  field  are  now  treated  for 
shrinkage  control.     I  can't  give  you  the  quantity  as  a  percentage. 

Question:      Is  the  Army  interested  in  bactericidal  or  bacteriostatic  finishes? 
Rizzo:      We  are  indeed  interested,   but  the  Surgeon  General's  office  rather  than  the 
Natick  Laboratories  is  responsible  for  this  sort  of  development. 

Question:      In  the  permanent  creasing  treatment,  what  advantage  does  monoethanol- 
amine  have  over  thioglycolate  or  monoethanolamine  sulfite. 

Rizzo:      We  feel  that  thioglycolate  may  lead  to  somewhat  greater  fabric  deterioration. 
Monoethanolamine  sulfite,  on  the  other  hand,  sometimes  for  undetermined  reasons, 
gives  a  product  with  an  objectional  odor. 
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Question:      With  permanently  creased  trousers,  don't  you  have  a  problem  with 
"double-tracking"  when  the  presser  doesn't  iron  a  crease  in  exactly  the  same  place 
as  the  one  permanently  set? 

Rizzo:      Articles  given  permanent- crease  treatment  are  labeled  to  call  attention  to 
the  need  £or  care  in  pressing.    In  cases  of  a  mistake,   the  garment  can  be  steamed 
and  repressed.    If  necessary,   the  monoethanolamine  treatment  can  be  repeated. 

Question:      Does  the  army  plan  to  adopt  any  blanket  that  is  not  100%  wool? 
Rizzo:      You  may  be  sure  we  will  stay  with  all-wool  as  long  as  we  can.     We  are 
under  some  pressure  to  reduce  weight.    If  the  present  blanket  is  replaced,   it  will 
be  because  of  weight. 

Question:      Are  there  any  tailoring  problems  with  WURLAN? 

Rizzo:  The  WURLAN  fabrics  will  require  patterns  specially  made  for  them,  just 
as  with  any  different  fabric  or  structure. 

Question:      Is  setting  accomplished  with  monoethanolamine  reversible? 

Rizzo:      It  is  possible  to  take  out  a  crease  or  to  move  it;  however,  the  fabric  will 

remain  sensitive  to  creasing  by  heat  and  pressure. 


FIBER  CHEMISTRY  RESEARCH 

William  L.  Wasley 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

Fiber  chemistry  investigations  extend  from  fundamental  reactions  of  proteins  to 
practical  studies  which  have  led  to  new  treatments  to  make  shr ink-resistant  wool. 
In  addition  to  research  in  our  own  laboratory, we  have  a  program  of  contract  research. 
First  let  me  give  you  the  highlights  of  recent  contract  projects.    Since  the  1961  wool 
conference,  two  contract  studies  have  been  completed,  one  on  carbonizing,  another 
on  bleaching  of  wool.     Two  new  contracts  are  in  progress.    Dr.  Stannett  will  report 
on  one  later  in  this  meeting.    A  contract  on  luster  in  wool  has  just  started. 

Carbonizing,  On  the  carbonizing  contract,   two  papers  were  published  by  Mizell, 
Davis,  and  Oliva  of  the  Harris  Laboratories  (1,   2),     They  found  that  three  main 
factors  govern  the  strength  loss  of  wool  in  carbonizing.     These  are  the  acid  content 
of  the  wool  as  it  enters  the  dryer,  the  moisture  content  of  the  acid- containing  wool 
as  it  enters  the  dryer,  and  the  temperature  of  air  used  in  drying  the  wool  before 
baking.     Two  schemes  were  worked  out  for  completely  charring  the  vegetable  matter 
without  causing  measurable  strength  loss  to  the  wool  (Table  1). 


Table  1 .--Recommended  carbonizing  conditions. 


Immersion  time 

15-50  seconds 

2  to  5  minutes 

Bath  temperature 

50-60 °F. 

90-100  ""F. 

Acid  content  in  bath 

7-7.57o 

4.5-6.5% 

Acid  content  in  extracted  wool 

below  5.57o 

7.57o 

Drying  temperature 

200  -280°F. 

below  150 "F. 

Baking  temperature 

300°?. 

300 "F. 

Baking  time 

3  minutes 

3  minutes 
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Bleaching.  Anot±ier  contract,  just  completed,   concerns  bleaching  of  wool.  This 
research  was  done  at  the  Lowell  Technological  Institute  by  Professor  Emery  I. 
Valko  and  coworkers.     The  research  shows  that  strongly  discolored  wool  can  be 
bleached,  but  only  at  the  expanse  of  some  damage  to  the  fiber.    It  had  been  hoped 
that  crosslinking  either  before  or  during  bleaching  would  protect  the  wool  against 
strength  loss  and  increase  in  alkali  solubility.     Crosslinking  treatments  are  indeed 
effective  in  redacing  the  alkali  solubility  of  bleached  wool  but  have  the  serious  dis- 
advantage of  lowering  abrasion  resistance. 

Recommendations  developed  may  be  summarized  as  follows;    The  best  bleaching 
with  least  damage  to  the  wool  was  obtained  with  a  bath  containing  1.  Z  to  1.  8%  hydro- 
gen peroxide  at  a  pH  between  9  and  10.     Tetrasodium  pyrophosphate  was  found  to  be 
far  superior  to  soda  ash  for  maintaining  pH.     With  such  a  bath,  satisfactory 
bleaching  can  be  obtained  in  about  ZO  minutes  at  160  to  180  "F^      The  details  will  be 
published  in  the  near  future. 

Polyme r ization  of  vinyl  compounds.    Polymerization  of  vinyl  compounds  in  or 
on  wool  fibers  has  been  tried  by  many.     There  are  several  patents  on  the  subject 
and  we,  too,  have  explored  the  field  with  conventional  polymerization  techniques. 
However,  more  interesting  and  probably  more  practical  is  polymerization  through 
initiation  by  high  energy  radiation,  as  will  be  discussed  by  Dr.  Stannett, 

Free  radical  attack  on  amides.    I  turn  now  to  some  fundamental  studies  within 
our  own  group.    Dr.  Howard  Needles  is  investigating  reactions  of  amides  to  learn 
more  about  reactions  of  wool.     The  aim  is  to  discover  ways  of  substituting  groups 
on  the  protein  backbone  in  order  to  stabilize  wool  against  degradation  by  heat  and 
light.     Preliminary  studies  of  persulfate  degradation  show  that  aqueous  solutions  of 
persulfate  attack  wool  protein  at  several  amino  acid  sites.    Amino  acid  analyses 
show  signficant  attack  of  cystine,  methionine,  arginine,  histidine,   proline,  tyrosine, 
and  possibly  phenylalanine.    Evidence  is  found  also  for  nonhydr olytic  cleavage  of 
the  protein  chain  and  attack  on  terminal  amino  acids. 

Dr.  Needles  has  found  that  in  a  buffer  solution  at  pH  4.  6  to  4.  9,  persulfate 
attacks  simple  dialkyl  amides  as  follows; 

p  pH  4.  6  -  4.  <5  aqueous        O  O 

rS-N-CHR'    +    K^S  Og   .-RC—  NH  +  R'CH 

{^M  85-90°  C.  ,  i  hour 

R,  R',  and    R"  represent  alkyl  groups,  which  may  be  the  same  or  different. 

The  prodacts  are  the  dealkylated  amide  and  an  aldehyde  or  ketone.     With  dimethyl 
acetamide  a  70%  yield  of  the  mouomethyl  derivative  is  obtained,  along  with  an 
equivalent  amount  of  formaldehyde.     This  reaction  is  general  for  all  amides  with  at 
least  one  hydrogen  atom  on  the  carbon  atom,  which  is  attached  to  the  amide  nitrogen 
atom.     This  result  shows  that  by  free  radical  attack,  a  hydrogen  atom  can  be  removed 
from  the  "alpha"  carbon  atom  so  that  it  may  be  possible  to  substitute  new  groups  at 
this  site. 

Reaction  of  wool  with  ethylene  oxide.    Dr.  Gordon  Rose,  working  on  reactions  of 
wool  with  epoxides,  has  discovered  a  way  to  dissolve  proteins  by  treatment  with 
ethylene  oxide.     The  reaction  succeeds  with  all  proteins  on  which  it  has  been  tried. 
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Indeed,   some  proteins  that  are  difficult  to  dissolve  in  any  other  way  are  easily 
attacked  in  the  new  treatment.    It  is  also  quite  interesting  that  the  chemical  attack 
is  specific  for  proteins;  polyamide  polymers  such  as  nylon  are  not  dissolved.  As 
you  can  see,  the  treatment  provides  an  excellent  way  for  removing  wool  from  nylon, 
leaving  the  nylon  intact.     This  reaction  will  be  mentioned  in  two  subsequent  talks. 
We  plan  to  publish  details  in  the  near  future. 

Interfacial  graft  polymerization.    Another  chemical  reaction  of  wool  which  has 
received  study  by  us  is  interfacial  graft  polymerization.    It  has  received  so  much 
attention  that  I  am  sure  everyone  associates  interfacial  polymerization  (the  WURLAN 
process)  with  the  Western  Regional  Research  Laboratory.     The  discovery  was  made 
several  years  ago.    Our  interest  has  continued  in  extending  the  fundamental  reaction 
to  multipurpose  treatments  and  new  types  of  polymer,     some  of  which  Dr.  Whitfield 
will  discuss  in  the  next  paper.     We  have  also  studied  the  chemistry  of  polyamide 
formation  in  detail.     I  will  now  illustrate  briefly  some  areas  of  this  study. 

It  appeared  early  that  adipoyl  chloride  was  not  so  effective  as  sebacoyl  chloride 
in  our  process.    We  compared  diacyl  chlorides  from        (adipoyl)  up  to  C-|^3 
(brassyloyl)  at  equal  molar  concentrations.    Figure  1  shows  the  trend.     The  longer 
chain  acid  chlorides  are  more  effective  than  the  shorter  ones,   but  the  effect  of 
chain  length  levels  off   near    Cn.      We  wondered  if  there  would  be  a  similar  effect 
of  chain  length  in  the  diamines  and  so  studied  diamines  from  C2  {ethylene  diamine) 
to  C-^Q  (decame thylene  diamine).    These  compounds  were  again  compared  at  equi- 
molar  concentrations.    Figure  2  shows  the  results.    By  good  luck  in  our  initial 
experiments  we  used  hexamethylene  diamine,  which  proved  best  in  our  comparative 
te  sts . 

Still  another  variable  which  we  have  studied  is  the  base  used  in  the  diamine  bath. 
In  our  first  experiments  and  indeed  in  many  of  the  examples  in  our  first  patent  on  the 
process,  we  used  no  base  other  than  the  diamine  itself.    In  the  Schotten- Baumann 
reaction,  however,   in  which  an  amine  reacts  with  an  acid  chloride,   it  is  customary 
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Figure  1:    Comparison  of  diacid  chlorides  in  interfacial 
polymerization  on  wool. 


22 


I  I  I  I  1  1  1 

0  2       3       4       5       6  8 

Diamine,  number  of  carbon  atoms 


Figure  2:    Comparison  of  diamines  in  interfacial 
polymerization  on  worsted  flannel. 


Number  of  75-minute  washes 

Figure  3:    Effect  of  alkali  in  improving  shrinkage  protection. 

to  add  an  inorganic  base  in  order  to  decrease  the  amount  of  diamine  consuined  in 
neutralizing  liberated  acid.  Since  soda  ash  is  very  cheap,  it  was  used  in  most  of 
oar  development  work.  However,  it  became  evident  that  as  the  pH  of  the  diamine 
solution  fell,  treating  efficiency  also  fell.    Obviously  more  critical  study  of  effects 

Z3 


Table  3. — The  effect  of  base  in  WURLAN  treatment  of  worsted  flannel  on  shrinkage 


resistance . 


Percent  area  shrinkage  after 

Base  used  in  diamine  bath 

four  75 -minute  washes 

Control- -untreated 

42  after  one  wash 

0.4m  NagCO^ 
0.4m  NapSiO, 

0.2M  ethylene  bis -podium 

11.8 

27.8 

12.6 

0.2 

12.5 

O 

dithiocarbamate ) 

0.4m  N9^S 

above  I3.O 

3.2  increase  in  area 

0.4m  NaOH 

above  13.0 

3.0 

0.4m  KOH 

above  I3.O 

1.3 

0.4m  NagSO^ 

11-7 

24.0 

0.4m  NagB^Oi^ 

11. 0 

28.8  after  three  washes 

of  pH  was  needed.    We  found  that  the  pH  of  2%  hexamethylene  diamine  is  slightly 
over  12,  while  the  pH  of  a  2  to  4%  solution  of  sodium  carbonate  is  one-half  unit 
lower--near  pH  11.6.    If  one  adds  a  small  amount  of  sodium  hydroxide  to  the  solution 
containing  the  diamine  and  sodium  carbonate,  raising  the  pH,  the  shr inkproof ing 
effect  is  greatly  increased  (Figure  3).    In  view  of  this  result,   it  is  interesting  in 
Table  3  to  compare  the  effectiveness  of  several  strong  bases  in  place  of  sodium 
carbonate  in'the  diamine  solution.    Of  these,  we  feel  that  the  best  is  sodium 
metasilicate.    With  metasilicate  in  place  of  carbonate  in  the  diamine  solution,  the 
hand  of  the  treated  fabric  is  excellent;  in  fact  the  treatment  is  so  greatly  improved 
that  the  diamine  concentration  can  be  decreased  significantly  without  loss  of  shrink- 
proofing.    The  resulting  big  saving  in  industrial  processing  costs  will  be  discussed 
in  more  detail  by  Lowell  Miller  of  our  Fiber  Chemistry  group,  who  has  participated 
in  all  the  mill  trials. 
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PROGRESS  IN  POLYMERIC  FINISHES  FOR  WOOL 


Robert  E.  Whitfield 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

Research  on  polymeric  finishes  at  our  laboratory  uses  three  m.ain  approaches: 
I.    Interfacial  Polycondensation  (WURLAN)  -  Polyamides,  polyur ethanes,  polyureas, 
polyesters,  polycarbonates,  and  copolyine r s .     II.  Ap_plu^_ti_on_of  Preformed  Reactive 
Polymers  -  Chlorosulfonated  polyethylene s,  methylolated  polyamides,  reactive 
acrylics,  and  epoxy  compounds.    III.    In  Situ  Formation  of  Vinyl  Polymers.  Of 
these,   interfacial  polycondensation  has  been  examined  most  thoroughly.  Preformed 
reactive  polymers  have  also  been  studied  in  some  detail.     In  situ  formation  of  vinyl 
polymers  will  not  be  discussed  in  this  talk. 

The  WURLAN  Process  (Interfacial  Polycondensation) 

Method  and  scope  of  the  reaction.   The  WURLAN  process  is  based  on  interfacial 
polycondensation  (IFP)  (1).     Use  of  IFP  as  a  textile  finishing  technique,  first  reported 
in  1961  (Z),  was  described  in  detail  at  the  Wool  Finishing  Conference  in  February, 
1961  (3).    Since  that  time,  further  research  (Z,   5-7,   9),  development  and  mill  trial 
work  (4,   8)  have  been  reported.     Commercial  feasibility  has  been  demonstrated. 
Various  aspects  of  the  development  and  mill  trial  studies  will  be  discussed  by  other 
conferees.     This  section,  therefore,  describes  only  research  related  to  WURLAN. 


Interfacial  polycondensation  results  from  reaction  of  two  extremely  reactive 
bifunctional  compounds,   separately  dissolved  in  immiscible  solvents.  Polymeriza- 
tion occurs  only  at  the  boundary  between  the  solutions,  for  reasons  to  be  discussed 
later.    In  the  WURLAN  process,   the  solutions  do  not  come  into  direct  contact. 
Instead,  they  are  brought  into  contact  indirectly  by  means  of  a  substrate,  the  wool 
fiber.    By  varying  the  re^active  intermediates  used,  one  can  form  all  classes  of  poly- 
condensation polymers  on  the  substrate  surface.    Formation  of  polyamides  (Z,  3), 
polyurethane s  (5),   polyureas,  polyesters,  polycarbonates  (6),  and  copolymers  (7)  on 
wool  has  been  reported.     Table  1  summarizes  these  polymer  structures  and  the 
reactive  intermediates  used  in  their  preparation.     The  broad  scope  of  the  WURLAN 

Table  1.  --Interfacial  polycondensation  to  various  polymers 


Polymer  and  structure 
Polyamide 

-(-NH-R-NH-C-R'-C^- 

6  6^ 

Polyurethane 

•f-NH-R-NH-C-0-R'-0-C4- 

6  6^ 

Polyurea 

■(-NH-R-NH-C-NH-R'-NH-C-)- 

Polyester 
-(-O-R-O-C-R'-C-f 

6  6" 

Copolyme  r  s 
Poly- ( amide -ur  ethane) 


A 

Component 
Diamine 
NH^-R-NH^ 

Diamine 
NH^-R-NH^ 

Diamine 
NH^-R-NH^ 

Diol 

HO-R-OH 
Diamine 
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and 


Component 

Diacid  chloride 
Cl-C-R'-C-Cl 
6  6 
Bis  -  chloroformate 
Cl-C-O-R-O-C-Cl 
6  6 

Di-  isocyanate 
OCN-R'-  NCO 

Diacid  chloride 
Cl-C-R'-C-Cl 

6  6 
Diacid  chloride 
Bis  -  chloroformate 


method  is  well  illustrated  by  these  examples;  variation  in  the  nature  of  the  R  and  R' 
groups  and  the  polar  groups  joining  these  provides  a  great  variety  of  structural 
properties  in  the  finish.    Figure  1  shows  the  range  of  melting  points  of  various 
polymers.     Cohesive  energies  of  the  constituent  chemical  groups  are  given  in  Table 
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Figure  1:    Melting  points  of  polymers. 


Table  2.  --Molar  cohesive  energy  of  organic  groups. 


Cohe  s  ion 

Group 

kcal/ mole 

-CH^- 

(hydrocarbon) 

0.  68 

—  o  — 

(ether) 

1.  00 

-  -  COO  - 

(ester) 

2.  90 

(aromatic) 

3.  90 

--CONH- 

(amide) 

8.  50 

■ OCONH 

—  (urethan) 

___8_._7_4___ 

these  vary  ten-fold.  Thus,  the  WURLAN  process  is  a  convenient  way  of  putting 
finishes  with  a  broad  spectrum  of  properties  on  the  surface  of  wool.  Under  ap- 
propriate conditions  it  is  also  suitable  for  forming  surface-grafted  finishes. 

Evidence  for  graft  polymer  formation  in  the  WURLA-N  process.  Accumulated 
evidence  supports  the  view  that  grafted  polymer  is  formed  on  wool  in  the  WURLAN 
process  and  indeed,  that  for  shrink-resistance  grafting  is  essential.     The  first 
indication  that  graft  polymer  is  formed  comes  from  extraction  experiments. 
Electron  microscope  studies  indicate  that  the  polymer  is  formed  on  wool  as  a  very 
thin  surface  layer  --  about  200  A  thick  for  a  sample  of  wool  treated  with  6,  10- 
polyamide  at  about  a  2%  level.    Nevertheless,   this  polymer  cannot  be  extracted  by 
good  solvents  for  the  polymer.    Further  the  shrink-resistance  of  a  treated  sample 
is  not  changed  by  the  extraction- -additional  evidence  that  little  or  no  polymer  is 
removed.    The  most  likely  grafting  on  wool  would  be  on  hydroxyl  and  amino  groups. 
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Therefore  graft  polymer  formation  is  viewed  as  follows: 


|_  NH. 


—  OH 
I 

Wool  fiber 


IFP 


Treatment 


NHC- 


O 


grafted 

polyamide 


Treated  wool  fiber 


If  this  view  is  correct,  one  should  be  able  to  block  the  -NH    and  -OH  groups, 
prior  to  WURLAN  treatment,   by  acetylation  or  some  other  suitable  reaction. 
Polymer  formed  on  wool  whose  grafting  sites  have  been  blocked  should  then  be 
extractable  with  good  solvents.    Blocking  was  accordingly  carried  out  with  acetic 
anhydride  as  follows: 


-NH. 


-NH- 


Acetic 


> 


anhydride 


-OH 
Wool  fiber 


•CM. 


0^-CH3 
O 

Acetylated  wool 


Wiien  acetylated  wool  was  WURLAN  treated  at  a  resin  loading  of  about  Z%,  the 
treated  material  showed  no  shrink- re s istance  beyond  that  of  the  untreated  control 
and  all  of  the  polymer  was  easily  extracted.    Furthermore,   if  one  applies  preformed 
polyamide  dissolved  in  a  suitable  solvent,  when  the  solvent  is  evaporated  the  treated 
wool  has  no  shrink-resistance  and  the  polymer  coating  is  readily  redissolved. 


It  is  of  interest  to  ascertain  the  amino  acids  which  serve  as  grafting  sites  and 
the  molecular  weight  of  the  polyamide  grafts.    For  the  first  purpose,  the  enzyme 
papain  was  used  to  eat  away  the  wool  selectively,  leaving  the  coating  and  amino 
acids  to  which  the  coating  is  grafted.     The  coating  could  not  be  dissolved  away  from 
the  wool  of  the  parent  treated  sample,   but  when  the  wool  was  removed  by  the  enzyme, 
the  residue  became  soluble.    When  Uiis  residue  was  subjected  to  acid  hydrolysis  and 
then  analyzed  for  amino  acids,  we  found  primarily  those  which  occur  in  the  wool  as 
N-terminal  acids,  or  which  have  reactive  -OH  or  -NH^  groups  in  their  side  chains. 
Further,  the  amino  acids  without  reactive  side  chains  were  present  in  the  proportion 
in  which  they  occur  in  wool  as  end  groups  rather  than  as  they  occur  in  wool  as  a 
whole  (Table  3).    The  molecular  weight  of  the  grafts  was  estimated  (14)  by  ultra- 
centrifugation  of  the  undigested  residue  to  be  in  excess  of  10,  000. 

Thus  accumulated  evidence  strongly  supports  the  view  that  graft  polymer  results 
when  2%  or  less  of  polymer  is  deposited  on  the  wool  surface  by  the  WURLAN  process. 
On  the  other  hand,  quantities  in  excess  of  2%  appear  not  grafted,  or  only  partially 
grafted.     The  requirements  for  polyme r  grafting  in  a  WURLAN  process  are:  (1)  The 
presence  of  reactive  groups  (-NH^,  -OH,  -C-Cl,    -NCO,  etc.)  in  the  substrate  is 
essential.    (2)  The  reactivity  of  the  groups  in  the  substrate  must  be 

comparable  to  that  of  the  intermediates  used  in  the  WURLAN  process.    (3)  These 
groups  must  be  sufficiently  abundant  and  accessible.    (4)  The  substrate  must  be 
wettable  by  the  treating  solvents.    (5)  The  substrate  must  be  free  from  interfering 
contaminants. 
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Table  3. --Amino  acids  probably  involved  as  grafting  sites  in  treated  wool 


End  groups 

in  wool 

Groups  per  100 

groups 

Relative 

in  enzyme-digest 

in 

Amino  acid 

abundance 

res  idue 

wool 

Gly c  ine 

5.  2 

14.  7 

8.  7 

Threonine^ 

4.  8 

12.  8 

6.  1 

Valine 

2.  4 

7.  8 

5.  0 

e      •  a 
be  r  me 

1.  3 

9.  5 

11.1 

Glutamic  acid 

1.  3 

9.  1 

12.0 

Alanine 

1.  3 

4.  9 

4.  9 

Aspartic  acid 

0.  6 

4.  2 

6.  0 

Tyrosine^ 

0.  0 

7.  3 

4.  2 

T        •  3- 

0.  0 

2.  8 

2.  3 

Histidine^ 

0.  0 

1.  5 

0.  7 

a 

These  amino  acids  have  reactive  side  chains. 


Theoretical  aspects  of  interfacial_polycondensation.  One  wonders  why  some  polymer 
systems  and  combinations  of  reactive  intermediates  are  not  so  effective  as  others 
in  imparting  shrink-resistance  to  wool  when  formed  inte rfacially  on  its  surface. 
The  answer  is  not  known  in  detail  but  can  be  understood  in  part  by  examining  the 
mechanism  of  interfacial  polycondensation  and  the  factors  which  influence  polymer 
growth,  termination  of  chain  growth,  molecular  weight  and  molecular  weight  dis- 
tribution, extent  of  grafting,  film-forming  properties  of  the  coating  material,  and 
similar  pertinent  characteristics.    Various  experiments  show  that  polycondensation 
per  se  occurs  on  the  organic  side  of  the  interface  (1),  as  represented  schematically 
in  Figure  2.     "A"  represents  the  water-soluble  and  "B"  the  water- insoluble  reagent. 
The  arrows  indicate  the  desired  diffusion  and  distribution  of  A  and  B  components 
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Figure  2:  Formation  of  polymer 
near  interface  between 
solutions. 


Reagent  "B" 


BOUNDARY  BETWEEN  SOLUTIONS 


28 


across  the  boundary  and  between  the  two  phases.     Preferably,  A  should  have  some 
solubility  in  the  organic  as  well  as  the  aqueous  phase;  distribution  coefficients  (in 
water /in  organic)  of  the  order  of  10  to  100  or  more  are  found  in  good  IFP  systems. 
In  addition,  A  should  diffuse  fairly  rapidly  across  the  boundary.    On  the  other  hand, 
the  lower  the  solubility  of  B  in  water  and  the  lower  its  tendency  to  diffuse  across  the 
boundary,  the  better  it  will  serve  in  an  IFP  system,  because  B  is  generally  very 
reactive  with  water.     In  an  effective  system,  the  rate  of  diffusion  of  A  across  the 
phase  boundary  is  the  rate -controlling  process.     The  rate  of  reaction  between  A  and 
B  (once  A  is  across  the  boundary  and  into  B  territory)  should  be  several  orders  of 
magnitude  greater  than  the  rate  of  diffusion- -hence,  the  requirement  for  highly 
reactive  intermediates.    Otherwise,   if  the  rate  of  diffusion  exceeds  or  is  similar  to 
the  rate  of  reaction,  many  A  molecules  will  diffuse  into  the  body  of  the  B  phase 
before  reacting;  as  a  result,  polycondensation  will  not  be  inte rf acially  controlled 
and  limited. 

To  summarize,   the  requirements  for  a  good  interfacial  system  are  (1)  fast- 
reacting  intermediates,  (Z)  immiscible  solvents  (two  phases),   (3)  favorable  partition 
coefficients,  (4)  favorable  diffusion  coefficients,  (5)  negligible  competing  reactions, 
and  (6)  irreversible  reactions  (preferable).     The  interplay  of  these  requirements 
makes  it  impossible  to  substitute  intermediates  at  random  and  get  uniformly  satis- 
factory results.    But  with  some  understanding,  one  can  at  least  optimize  results 
obtained  with  particular  A  and  3  components. 

Competing  reactions  in  interfacial  polycondensation.     The  role  of  competing 
reactions  cannot  be  overstressed.     Those  possible  in  most  IFP  systems  are:  (1) 
hydrolysis  of  the  diacid  chloride  (or  other  water -insoluble  reagent),  (2)  hydrolysis 
of  acid  chloride  groups  at  chain  ends,  (3)  reaction  of  CO^  with  the  diamine,  (4) 
reaction  of  CO.,  with  -NH    at  the  chain  ends,   (5)  reaction  of  diamine  with  acid, 


(6)  reaction  of  terminal  -NH^  with  acid,  and  (7)  reaction  with  monofunctional  im- 
purities in  starting  materials. 

Relative  rates  of  hydrolysis  of  diacid  chlorides  have  been  reported  (9).  The 
effect  of  structure  on  relative  hydrolytic  stability  of  diacid  chlorides  is  shown  in 
Figure  3.    Adipoyl  chloride  is  not  shown;  its  rate  of  hydrolysis  is  too  fast  to  be 
measured  by  the  method  used.    Hydrolysis  of  a  diacid  chloride  occurs  in  two  steps; 
first,   conversion  to  the  monofunctional  acid  chloride  (the  hydrolyzed  end  becoming 
-COOH),  and  second  to  the  parent  acid.     Conversion  of  the  diacid  chloride  to  the 
diacid  results  in  waste  of  starting  material  but  has  no  serious  direct  effect  on  the 
polycondensation.     Conversion  to  the  monoacid  chloride,  on  the  other  hand, 
introduces  a  monofunctional  reagent  which  participates  in  polycondensation  to  stop 
chain  growth,  with  consequent  reduction  in  the  molecular  weight  of  the  product 
polymer.    In  fact,  all  of  the  competing  reactions  noted  result  either  in  converting 
reactive  bifunctional  intermediates  into  monofunctional  compounds  or  in  endcapping 
the  reactive  groups  of  growing  polymer  chains,  thereby  terminating  growtn. 
The  effect  of  monofunctional  imparities  on  the  molecular  weight  of  inte rfacially 
formed  polymer  is  illustrated  in  Figures  4  and  5.     In  the  first  instance  (Figure  4) 
butylamine  was  added  to  the  aqueous  phase  in  varying  amounts  (10).     The  first  one 
or  two  mole  percent  of  butylamine  has  the  most  effect  on  molecular  weight.  The 
effect  of  a  monofunctional  reagent  in  the  organic  phase  is  shown  in  Figure  5,  in 
which  butyryl  chloride  was  used  at  several  concentrations  (10),    Again  there  is 
marked  decrease  in  molecular  weight  of  the  product  polymer;  the  greatest  decrease 
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Figure  3:    Relative  rates  of  hydrolysis  of  various  diacid  chlorides. 

occurs  in  the  presence  of  the  first  two  mole  percent  of  the  monofunctional  agent. 
The  need  for  keeping  the  organic  phase  dry  to  minimize  hydrolysis  in  plant  operation 
should  now  be  obvious. 
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Figures  4  and  5:    Change  in  molecular  weight  of  polyhexamethylene- 

adipamide  formed  in  the  presence  of  various  amounts 
of  butylamine  (Fig.  4)  and  butyryl  chloride  (Fig.  5). 
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Multipurpose  finishing.    Since  the  two  baths  used  in  a  WURLAN  process  contain 
aqueous  and  organic  solutions,  it  would  seem  possible  to  get  multipurpose  results 
by  adding  other  additional  ingredients  (mothproofing  agents,  water  stain  repellents, 
etc.  )  to  either  or  both  solutions.    The  polymer  film  formed  on  the  substrate  surface 
is  initially  highly  swollen  by  the  solvents  used.    If  the  solvents  contain  additional 
agents,  the  swollen  films  will  also  be  filled  with  these.    Upon  drying,  the  agents  may 
be  "trapped"  in  the  polymer  film,   resulting  in  durable  fixation  at  the  substrate  sur- 
face.    This  possibility  can  in  fact  be  realized.    Simultaneously  with  formation  of  a 
grafted  finish  by  the  WURLAN  process  to  provide  shrink-resistance,  one  may  indeed 
obtain  additional  desired  properties  by  adding  suitable  agents  to  the  treating  baths. 


Preformed  Polymers  as  Finishing  Agents  for  Wool 

Earlier  work  on  chlorosulfonated  polyethylene  (I,   below)  suggested  the  necessity 
of  grafting  preformed  polymer  to  the  wool  surface  to  achieve  permanency  of  finish 
and  impart  shrink-resistance  at  low  resin  uptake  (11).    Although  good  shrink- 
resistance  could  be  imparted  by  grafting  of  1  to  2%  of  (I),  the  cure  times  (up  to  four 
hours)  and  tiie  temperatures  required  (130°  C.  )  were  not  of  practical  interest. 

I  p  p^ci'^ 

-j— (  CH^CH^CH^CHCH^CH^CH^  )i2CH  (I) 

Jl7 

Recently  a  new  group  of  reactive  polyethylene s  (II)  has  become  available  in  experi- 
mental quantities  (13).    These  materials,  it  will  be  noted,  are  quite  similar  to  (I), 
but  have  the  highly  reactive  -COCl  group  rather  than  the  -SO^Cl  of  moderate  re- 
activity.   Consequently,  polymers  of  type  (II)  can  be  cured  much  more  readily  at 
lower  temperatures.    These  resins  have  been  applied  to  wool  by  a  dip-pad-cure 


CH, 


CH^CH  (CH2CH^)^CH2CH— 


c=o 
in. 


(II) 


technique  using  chlorinated,  aromatic,  or  paraffinic  solvents.     The  treated  samples 
discussed  subsequently  were  cured  for  15  minutes  at  110"  C.    Further  work  has  shown, 
however,  that  very  short  cure  time  (as  low  as  2  minutes)  may  suffice.     In  some  cases 
simply  removing  the  solvent  by  a  blast  of  warm  air  near  room  temperature  is  ef- 
fective.   The  shrink-resistance  of  undyed  woolen  fabric  treated  with  0.  5  to  3.  0%  resin 
(on  basis  of  fabric)  is  shown  in  Tables  4  and  5  and  textile  properties  in  Tables  6  and 
7.     Shrink-resistance  of  a  grey  worsted  flannel  treated  with  1  to  3%  resin  is  shown 
in  Table  8.    The  modified  fabrics  have  excellent  shrink-resistance,  an  acceptable 
hand,  improved  tear  and  break  strengths,  increased  abrasion  resistance,  and 
improved  resistance  to  hostile  solutions  on  short  exposures. 


Application  of  these  reactive  polyethylene  resins  to  wool  top  has  given  only 
moderate  shrink-resistance;  further  study  is  in  progress.    I  am  confident  that 
reactive  polymers  of  this  type  will  receive  much  attention  in  the  future.    A  more 
complete  account  of  results  will  appear  in  a  forthcoming  publication  (12). 
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Table  4.  --Undyed  woolen  fabric  modified  with  newly  available  reactive  polyethylene 

finish  composed  of  about  80%  ethylene,  15%  vinyl  acetate,   5%  methacrylyl 
 chloride.  

Re  sin  %  Number  of  2-minute  washes  in  Accelerotor,   %  area  shrinkage 


1  2  3  4  5 


3.0^  0  0  0  0  0 

1.5  0  0  0  0  0 

1.3  0  1.0  1.0  1.0  1.0 

0.5  0  1.0  1.0  3.0  5.0 

Control  28.  6         


^  Shrinkage  still  0  after  60  minutes  of  washing  in  Accelerotor, 


Table  5.  -  -Undyed  woolen  fabric  modified  with  same  finish  (Table  4). 
Treatment  level  Number  of  washes,   %  area  shrinkage^- 


  1  Z  3  4 

1.  5  0  0.  2  0  0.  4 

1.  0  0  0  0  0 

Control  19.1  35.5  35.4  39.5 


^Successive  75--minute  washes  in  automatic,  agitator  type,  home  washing 
machine. 


Table  6.  --Physical  properties  of  undyed  woolen  fabric  modified  by  reactive 
 polyethylene  (see  Table  4).  


Treatment  level,  % 

Cantilever 

stiffness 

Wrinkle 

recovery 

(mg/ 

cm) 

(de 

grees) 

Warp 

Fill 

Warp 

Fill 

1 

283 

362 

154 

157 

1.  5 

495 

510 

151 

149 

3.  0 

825 

1136 

147 

150 

None  (control) 

liS 

100 

147 

148 

Table  7.  --Physical  properties  of  undyed  woolen  fabric  modified  by  reactive 


polyethylene  (see  Table  4). 


Treatment 

Fabric 

tear 

Fabric 

break 

Stoll  flex 

level,  % 

stren^ 

;th 

streng 

th 

abras 

ion 

(gms) 

(lbs 

) 

(cycle 

) 

Warp 

Fill 

Warp 

Fill 

Warp 

Fill 

1 

1359 

1370 

19.  8 

20.  7 

743 

793 

1.  5 

1421 

1395 

22.  8 

22.  7 

746 

891 

3.  0 

1293 

1408 

24.  7 

22.  2 

778 

887 

None  (control) 

1190 

1178 

16.7 

17.  7 

457 

547 
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Table  8.  --Grey  worsted  flannel  modified  with  reactive  polyethylene  finish 

 (s e_e_  T>_ble_4K  

Treatment  level,   %  Number  of  washes,   %  area  shrinkage' 


3 

1.  5 

1 

None  (control) 

a 


1 

Z  3 

4 

0 

0  0 

0 

0.  3 

1.9            Z.  0 

5.  1 

1.  3 

6.1  17.8 

3Z.  Z 

44.  7 

Successive  75-minute  washes  in  automatic,  agitator  type,  home  washing 
machine . 
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Discussion  of  Dr.  Whitfield's  report 

Question:   What  is  the  molecular  weight  of  the  polymer  formed  in  the  WURLAN 
proce  s  s  ? 

Whitfield:  The  molecular  weight  hasn't  been  determinsd  exactly.     We  expect  it  to 
be  fairly  low--of  the  order  of  10,  000. 

Question:  How  do  you  apply  the  reactive  preformed  polymer? 

Whitfield:  The  reactive  polymer  is  applied  from  solution  in  an  organic  solvent  such 
as  toluene,  an  aliphatic  hydrocarbon,  or  tr ichloroethylene . 

Question:   Why  doesn't  the  hexamethylene  diamine  penetrate  the  fiber? 

Whitfield:  It  does.     The  fiber  acts  as  a  reservoir  of  the  diamine,  which  reacts  at 

the  fiber  surface. 

Question:   Since  wool  has  reactive  amino  groups  itself,  why  do  you  use  the  diamine 
rt  all ? 

Whitfield:  This  is  a  matter  of  practical  expediency.  Although  the  amino  groups  of 
the  wool  surface  appear  to  take  part  in  the  reaction,  their  reaction  alone  with  acid 
chloride  doesn't  give  appreciable  shrinkage  control. 

Question:  How  do  you  measure  the  amount  of  polymer  deposited? 

Whitfield:  Three  methods  are  available.    First,  the  increase  in  weight  can  be  deter- 
mined.   Second,  the  wool  can  be  dissolved  selectively  by  enzymes  such  as  papain  or 
with  ethylene  oxide,  a  very  effective  reagent  developed  by  W.  Gordon  Rose  of  our 
laboratory.    Finally,   in  the  last  report  of  this  conference,   Clay  E.   Pardo  will 
describe  a  method  based  on  selective  sorption  of  the  dye  Rhodamine  B. 

Ques tion:  How  is  the  solubility  in  ethylene  oxide  determined? 

Wasley:      The  wool  is  warmed  In  a  sealed  system  with  excess  ethylene  oxide  and 
dim  ethyl  aniline  as  a  catalyst.    A  preliminary  account  is  being  prepared  for  publica- 
tion. 

Question:    It  is  possible  to  replace  the  diamine  in  the  WURLAN  process  by  a  diol? 
Whitfield:  Interfacial  finishing  treatments  using  diols  among  other  reagents  are 
reported  by  R,  E.   Whitfield,  L.  A.  Miller,  and  W.  L.  Wasley  in  the  Textile  Research 
Journal  33,   440  (1963).    In  general,   shrinkage  control  with  diols  has  been  found  less 
satisfactory  than  with  diaminas. 
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FLUOROPOLYMER  FINISHES  FOR  WOOL 


Allen  G.  Pittman 
Wool  and  Mohair  Laboratory,  USDA,  Albany,  California 


Materials  which  protect  against  water-borne  stains  have  been  used  on  textiles 
since  before  World  War  II.    Waxes,  derivatives  of  stearic  acid,  and  silicone  poly- 
mers are  typical  substances  which  because  of  their  hydrophobic  nature,  give  some 
protection  against  such  stains  as  ink,  juice,  and  coffee.    In  1956,  a  new  commercial 
stain  repellent  offered  oil-  as  well  as  water- repellency.     This  meant  protection 
against  such  oil-borne  stains  as  grease,   salad  oil,  and  salad  dressing.     This  new 
stain  repellent  was  a  fluorochemical.     Several  types  of  fluorochemical  stain  repel- 
lent are  now  marketed,  varying  from  chromium  complexes  or  completely  fluorinated 
acids  to  polymeric  substances  containing  fluorine.     Consumers  are  interested  in 
garments  resisting  oil-  and  water-borne  stains  and  will  pay  as  much  as  Z5%  more 
for  this  property.     Therefore  I  have  no  doubt  that  we  will  soon  see  other  companies 
making  stain-repellents.    Many  improvements  in  the  art  will  result  from  better 
understanding  of  structural  requirements.     Today  I  will  describe  some  new  fluorine- 
containing  polymers  which  we  feel  could  become  important  multi-purpose  finishing 
agents  for  wool.    First,  I  will  discuss  application  of  a  preformed  fluorinated 
acrylate  and,  second,  fluorine-containing  derivatives  of  ethylenimine  polymerized 
in  situ,  that  is,   in  the  presence  of  wool. 

General  requirements  for  oil-water  repellency.    To  understand  this  work,  it 
will  be  profitable  to  consider  types  of  oil-  and  water-repellent  structures  and 
review  the  background  for  their  development,   in  many  ways  a  result  of  work  of 
Zisman  and  his  coworkers  (1,   2,  3)  at  the  U.  S.  Naval  Research  Laboratory, 
starting  around  1946.     They  studied  the  wetting  of  low-surface-energy  solids  and 
showed  t±iat  wettability  depends  directly  on  the  atom  groups  making  up  the  solid 
surface.      In  Table  1,  for  example,  marked  changes  in  surface  energy  are  noted  as 
the  surface  constituents  vary.    For  the  present  discussion,   the  critical  surface 

Table  1,  --Critical  surface  tension  {y^)  of  low  energy  surfaces. 


Surface  constitution 


"Y^,  dynes /cm  at  20°  C 


6 


-CF^H 
-CF,  and  -CF.,- 


15 


\ 


17 


18 


20 


22 


22 


31 


(phenyl  ring  edge) 
-CCl^-CH^- 

E.  G.  Shafrin  and  W.  A.  Zisman  (3) 


35 


43 
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te^nsion,  can  be  thought  of  as  the  greatest  surface  tension  of  a  liquid  which 

permits  wetting  the  surface.    In  the  first  example,  a  liquid  with  a  surface  tension  of 
6  dynes /cm.  or  less  would  be  required.    A  liquid  with  higher  surface  tension  will 
not  wet  this  surface.    Substituting  hydrogen  for  one  of  the  fluorine  atoms  more  than 
doubles  the  critical  surface  tension;  hence  such  a  surface  is  more  easily  wetted. 
Note  also,   in  the  last  example,  that  poly vinylidine  chloride  has  a  high  critical 
surface  tension.     Thus  halogen  atoms  other  than  fluorine  do  not  provide  nearly  so 
low  a  surface  energy. 

An  example  of  a  fluorine -containing  polymeric  substance  which  is  oil  repellent, 
shown  below,   is  an  acrylic  polymer  containing  a  pendent  fluoroalkyl  group,  a  feature 

(  CH,—  CH  '  ) 

^         I  X 

C  =  O 

6-CH^-(CF^)nCF3 

which  produces  a  low-energy,  oil-repellent  surface.     The  length  of  the  fluoroalkyl 
chain  is  related  to  the  degree  of  oil- repellency.    Longer  chains  give  a  lower  surface 
energy  and  better  oil-repellency.     The  reason  is  presumably  that  more  efficient 
packing  of  the  longer  chains  provides  a  greater  number  of  -CF^  groups  at  the  surface. 
The  general  principle  deduced  from  the  work  of  Zisman's  group,  as  applied  to 
textile  treatments,   is  simply  that  where  oil-and- water  repellency  is  desired,  one 
attempts  to  cover  the  fibers  with  closely  packed  -CF^  groups  or  -  CF^  groups  to 
provide  the  lowest  possible  surface  energy. 

Use  of  fluoro chemicals  in  interfacial  polycondensation.  Our  first  use  of  fluoro- 
polymers  was  to  incorporate  stain  repellents  in  the  WURLAN  treatment  to  obtain, 
in  one  process,  a  truly   multipurpose  finish  which  would  give  dimensional  stability 
and  oil-and- water  repellency.     This  sort  of  multipurpose  treatment  has  been 
mentioned  by  Dr.  Whitfield.    For  a  specific  instance,  the  commercially  available 
stain  repellent,  FC208,  a  fluoropolymer  supplied  as  an  aqueous  emulsion,   can  be 
added  to  the  first  bath  of  the  WURLAN  process  so  that  during  interfacial  polycon- 
densation on  the  fabric,  part  of  the  fluoropolymer  is  physically  trapped  in  such  a 
way  as  to  be  surprisingly  resistant  to  solvent  extraction. 

An  objection  to  this  procedare  is  that  only  part  of  the  fluoropolymer  is  entrapped. 
As  a  result,   the  process  is  economically  unattrative.     We  decided  to  try  to  circum- 
vent this  problem  by  using  fluoropolymer s  which  could  actually  participate  in  inter- 
facial polycondensation  and  thus  become  chemically  bound  to  the  polyamide  chain, 
not  simply  physically  trapped.    For  this  purpose  we  examined  copolymers  such  as 
the  one  illustrated  below.     Copolymerization  of  1,  1-dihydroperfluoro-octyl  acrylate 

CH3 

(-CH^C*-)^  (-CH^CjH-)^ 

O  =  (J  0=  c 

PFOA-MAC  Copolymer 


CH 


2  =  CH-C-O-CH2  (CF  J^CF^- 
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(PFOA)  with  methacrylyl  chloride  (MAC)  affords  a  copolymer  with  pendent  fluoro- 
alkyl  chains  and  pendent  reactive  acid  chloride  groups.    Since  the  copolymer  is  a 
multifunctional  acid  chloride,   it  can  compete  with  the  hydrocarbon  diacid  chloride 
in  polycondensation  to  give  segments  containing  perfluoroalkyl  groups  along  the 
polyamide  chain.     Table  2  indicates  the  washfastness  resulting  from  such  a  treat- 
ment.   In  this  case  2.  8%  resin  including  both  fluorocarbon  and  polyamide  was 
deposited  on  the  fabric.    Shrinkage  protection  and  oil-water  repellency  remained 
high  throughout  15  home  launderings.     The  finish  was  durable  to  prolonged  solvent 
extraction,  as  would  be  expected  if  the  fluoropolymer  were  grafted  to  the  wool,  or 
at  least  crosslinked  or  otherwise  incorporated  into  the  polycondensation  polymer. 


Table  2. --Reactive 

fluoroalkyl  acrylic 

used 

with  IFP. 

Resin  on  fabric 

No.  of 

home 

launderings 

■Aft  .  /o 

Tests^ 

0 

3 

6 

9 

12 

15 

Fluorocarbon  plus 

o-r 

110 

50 

90^ 

80 

50 

70^ 

polyamide  , 

spray 

90 

30 

80^ 

80 

70 

80^ 

2.8 

shrinkage 

0 

0 

1 

1 

o-r 

0 

0 

spray 

60-70 

shrinkage 

15 

20 

a 

o-r  =  oil-repellency  rating. 

spray       =  water-rapeilency  as  measured  by  the  spray  test, 
shrinkage=  %  area  shrinkage,  10- cm  marks. 

b 

Samples  were  riased  with  CHCl^  before  testing. 

Direct  application  of  reactive  fluorinated  polymers.    We  later  found  that  tlie 
fluoroacrylate-methacrylyl  chloride  copolymers  can  react  directly  with  wool  to 
give  a  durable  finish.     The  fabric  is  simply  wetted  with  a  solution  of  the  copolymer, 
run  through  a  squeeze  roll,  and  cured.     This  mode  of  application  presumably  results 
in  polymer-wool  grafting,   since  the  copolymer  cannot  be  removed  by  solvent 
extraction,  while  on  the  other  hand,  the  nonreactive  homopolymer  of  PFOA  was 
easily  extracted.    Besides  giving  an  oil- water-repellent  finish,  the  fluorinated 
synthetic  copolymers  applied  by  the  dip,  pad,  and  cure  procedure  considerably 
reduced  felting  shrinkage.    Figure  1  allows  comparison  of  the  shr inkproof ing 
efficiency  of  a  fluorinated  acrylate  copolymer  (lower  curve)  with  that  of  a  non- 
grafted  homopolymer  (upper  curve)  for  various  weights  deposited  on  the  fabric. 
The  grafted  synthetic  copolymer  reduced  the  felting  shrinkage  at  lower  resin 
depositions  than  non-grafted  homopolymer.     The  fluorinated  acrylic,  FCZ08 
(middle  curve),  was  intermediate  in  effect. 


It  may  be  anticipated  that  the  cost  of  the  copolymers  I  have  discussed  would 
prohibit  their  use  for  most  purposes.    However,   by  adding  a  low-cost  monomer  to 
make  a  terpolymer,  the  cost  can  be  reduced  considerably  and  desirable  effects 
still  obtained.     Table  3  shows  the  protection  given  by  various  levels  of  a  terpolymer 
with  lauryl  methacrylate  as  the  third  and  major  component.     The  data  show  that 
significant  oil-and- wate r  repellency  and  shrinkage  control  are  still  realized. 
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Figure  1: 


2       3       4       5       6       7  8 

%  Fluorocarbon  Polymer  on  Wool 

Effect  of  fluorocarbon  polymer  composition  and 
concentration  on  shrinkage  resistance. 


Table  3 .--^plication  of  terpolymer  on  wool  fabric  (lauryl  methacrylate/PFOA/MAC) 
 (7/1/1).  ^ 


Resin  on  fabric,  % 

6 
3 

1.5 
0.4 


Area  shrinkage, 
Accelerotor,  % 

1.0 
1.0 
2.0 
6.0 


Oil  repellency 

80 
70 
60 
60 


Water  repellency 
(spray  rating) 

80 
70 
70 

70 


Fluorine-containing  derivatives  of  ethylenimine.    A  somewhat  different  cla^s 
of  polymer  that  we  have  been  studying  recently  comprises  derivatives  of  fluoroacyl 
aziridines.    Figure  2  shows  two  ways  of  making  the  monomers.    The  fluoroacyl 


CF^(CF2)n 


H 

/\ 

CH2CH2+  Et^N 


CF3(CF2), 


CH, 


l]+  (  +  5°C) 


•CH, 


+  Et^N  •  HCI 


CF3(CF2)n 


0 
II 

C  N' 


.CH, 


CH. 


+  NaCI 


Figure  2:    Two  methods  preparing  fluoroacyl  aziridine  monomers. 
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aziridines  are  derived  from  ethylenimine  and  as  such  seem  to  us  to  offer  interesting 
possibilities.    I  should  mention,  to  avoid  confusion,  that  ethylenimine  and  aziridine 
are  synonyms;  both  refer  to  the  three-membered  nitrogen  ring  compound  shown. 
We  anticipate  that  during  polymerization  of  a  fluoroacyl  aziridine  in  the  presence  of 
wool,  polymer-wool  grafts  may  form  through  reactions  ouUined  in  Figure  3. 

0 
II 

CNHCH2CH2O 

0 
II 


0  CHo 

n         II       ^1  ^ 


Rf  CNHCH2CH2OOC 


0 

Rf  CNHCH2CH2NH 


wool  wool 
Figure  3:    Reactions  that  may  result  in  grafting  of  polymer  to  wool. 

Polymer-wool  grafting  is  highly  desirable  when  one  wants  permanent  modification 
of  fiber  properties.    We  also  hoped  that  choice  of  wool-swelling  or  non-swelling 
media  would  let  us  control  the  site  of  reaction,  at  the  surface  or  internal. 

Before  considering  textile  applications,  I  will  discuss  some  of  the  chemical 
properties  of  these  derivatives.    Ethylenimine,  itself,  is  very  susceptible  to  acid- 
catalyzed  polymerization  opening  the  ring  as  shown  in  Figure  4.    Initiation  occurs 
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Figure  4:    Acid-catalyzed  polymerization  of  ethylenimine. 

through  reaction  with  species  such  as  hydrogen  ion  as  illustrated.    In  general,  acid- 
catalyzed  polymerization  is  applicable  to  substituted  ethylenimine s.    However,  we 
find  that  substitution  of  the  fluoroacyl  group  on  nitrogen  completely  changes  the 
mode  of  polymerization.    The  strong  electron- withdrawing  effect  of  the  attached 
fluoroacyl  group  produces  a  non-basic  nitrogen  atom  which  has  no  affinity  for  acids. 
In  fact,  the  inductive  effect  gives  an  electron-deficient,  3-m^embered,  strained  ring 
system  which  is  extremely  labile  to  basic  or  nucleophilic  substances.    Figure  5 
illustrates  polymerization  of  a  fluoroacyl  aziridine  as  we  believe  it  occurs.  Initiation 
results  from  attack  by  a  nucleophile  X.    This  need  not  be  a  charged  species;  it  can 
be  uncharged  organic  base  such  as  triethylamine  or  pyridine  as  well  as  a  charged 
inorganic  nucleophile  such  as  chloride,  fluoride,  or  cyanide.    X  attacks  one  of  the 
carbon  atoms  of  the  ring.    The  ring  then  opens,  forming  a  nitrogen  anion  from  which 
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Figure  5:    Theoretical  polymerization  of  a  fluoroacyl  aziridine. 


the  polymer  can  grow.    Termination  is  illustrated  as  reaction  of  a  proton  with  the 
nitrogen  anion  to  form  a  secondary  amide  chain  end.     The  structure  of  the  polymeric 
fluoroacyl  aziridine s  is  more  clearly  illustrated  as  follows. 


p  CH^ 
CF  (CF  )    e  -  I 


CH- 


3'^^  2'6 
PFOAz 

1  -(perfluoro-octanoyl)  aziridine 


— (CH  CH  N)— 

c  =0 


(  CF^)^  CF3 


The  polymer  is  shown  with  a  polyethylenimine  backbpne  with  a  pendent  fluoroacyl 
group  for  each  repeating  unit.    Nuclear  magnetic  resonance  and  infra-red  spectros- 
copy support  the  structure  shown  rather  than  other  possibilities. 


Other  reactions  of  fluoroacyl  aziridines,  summarized  in  Figure  6,  are  like 
those  of  the  non-fluorinated  analogs.    For  instance,  reaction  with  HBr  produces  a 
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CF    (CF  CNHCH2CH2Br 


0  CH. 


CF2(CF2  )n  C  | 
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+  5°C 


 ,  ^    CF_(CF  C^  I 

acetone  3        2  "  ^N-CH2 


Na  I 


organic  bases 


or  nucleopliiles 
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C  =  0 
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I 

Figure  6:    Other  reactions  of  fluoroacyl  aziridines, 
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bromoamide;  reaction  with  iodide  gives  a  substituted  oxazoline.     The  main  difference 
between  the  fluorinated  and  nonfluorinated  aziridine  derivatives  is  that,  as  noted, 
polymerization  of  the  former  is  induced  by  organic  bases  and  most  inorganic  nucleo- 
philes  except  iodide  ion.    I  should  also  mention  that  fluoroazir idine s  are  heat- 
sensitive  and  were  normally  stored  in  dilute  solution  in  a  non-polar  solvent  or 
refrigerated. 

We  normally  polymerized  fluoroazir idines  in  situ  on  wool  by  wetting  out  a 
swatch  in  a  solution  of  the  aziridine  in  benzene  or  dimethyl  formamide,  removing 
excess  liquid  with  a    squeeze  roll  and  then  either  allowing  polymerization  to  occur 
at  room  temperature  or  heating  the  swatch  briefly.    Polymerization  of  this  type 
with  perfluoro-octanoyl  aziridine  (PFOAz)  gave  an  oil-and- water-repellent  finish 
as  well  as  a  measure  of  shrinkage  protection,  as  shown  in  Table  4. 


Table  4. --Shrinkage  protection  from  per£luoro-ocfc:anoyl  aziridine. 


Oil 

repellency 

Water 

repellency 

PFOAz  on 

After  5 

After  5 

Area 

fabric,  % 

Initial 

launderings 

Initial 

launderings 

shrinkage,  % 

4.0 

110 

70 

70 

70 

2 

1.5 

90 

50 

70 

50 

7 

Control 

0 

50-60 

15 

We  applied  PFOAz  from  both  wool- swelling  and  non- swelling  media;  these  solvent 
differences  did  not  noticeably  affect  the  oil- repellency,  water-repellency,  or 
shrinkage. 


The  oil-repellency  ratings  of  the  polyaziridine s  were  lower,  for  similar  add-on 
weights,  than  those  of  the  perfluoroalkylacrylates.     In  other  words,  when  applied 
to  give,   say,  1%  uptake,  poly-PFOAz  conferred  less  oil-repellency  than  did  poly- 
psrfluoro-octylacrylate.     This  difference  may  result  from  the  inherent  structural 
difference  between  the  respective  backbones.    One  notes  that  the  polyaziridine 


-(CH.CH)^  -(CH.CH^rjl)^ 

0=C-0-CH2(CF^)^CF^  0  =  C-{CY  ^)^CF^ 

Polyacrylate  Polyaziridine 


backbone  has  an  amide  nitrogen  atom  which  probably  is  more  wettable  than  the 
polyacrylate  backbone  even  with  its  attached  oxygen.     Nylon- 6,  6,  more  wettable 
than  polymethyl  methacrylate,  may  be  a  similar  example. 

We  do  not  yet  have  evidence  of  grafting  of  the  polyazir idines  to  wool.  The 
polymers  seem  to  be  removed  by  prolonged  solvent  extraction.  Furthermore, 
comparison  of  supercontraction  of  fibers  treated  with  monofunctional  or  difunctional 
fluoroazir  idines  gives  no  evidence  of  crosslinking. 
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Future  work.    Other  aspects  of  fluorocarbon  finishes  need  to  be  explored. 
Effects  of  polymer  backbone  type  and  molecular  weight  on  soil  repellency  need  to 
be  determined.    It  might  be  thought  from  Zisman's  work,  that  the  polymer  backbone 
would  not  affect  oil-repellency,   since  it  is  the  fluoroalkyl  chain  ends  which  lower 
surface  energy.     This  may  be  true  when  one  deals  strictly  with  ideal  surfaces;  but 
a  fabric  surface  may  be  different  since  much  of  the  backbone  may  be  exposed.  For 
instance,  this  is  very  likely  the  reason  why  the  polyfluoroacrylates  are  slightly 
more  oil-repellent  than  the  polyaziridines.    The  polymer  backbone  may  also  affect 
the  efficiency  of  orientation  of  the  fluoroalkyl  chains  and  thereby  the  soil  redepbsi- 
tion  in  washing. 

The  type  of  fluorocarbon  chain  needed  to  give  the  greatest  concentration  of  -CF3 
groups  at  the  solid  surface  is  also  important.    We  have  thus  far  considered  only 
unbranched  linear  fluoroalkyl  chains.    It  is  obvious  that  branched  fluorinated  groups 
such  as  t-butyl  or  isopropyl  may  give  a  greater  -CF^  surface  concentration, 

A  final  item  that  needs  to  be  studied  is  the  amount  of  fluorocarbon  necessary 
for  adequate  coverage.    I  refer  here  to  the  discovery  by  DeMarco  and  McQuade  (4) 
that  certain  hydrocarbon  water  repellents  can  have  a  positive  synergistic  effect  on 
fluorocarbon  oil  repellents.    In  other  words,  these  hydrocarbon  water  repellents 
seem  to  cause  more  effective  surface  orientation  of  the  fluorochemical.  Conse- 
quently less  fluorochemical  can  be  used  to  obtain  the  desired  effect.    We  can 
obviously  profit  by  better  fundamental  understanding  of  the  factors  underlying  stain- 
repellency.    Nevertheless,  our  exploratory  work  shows  that  durable  stain-repellent 
wool  finishes  compatible  with  other  desirable  fabric  properties  are  technically 
feasible. 
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Discussion  of  Dr.  Pittman's  Report 

Question:  What  is  the  effect  of  treating  wool  directly  with  a  perfluoroacid  chloride? 
Pittman:    No  oil-or-water  repellency  results,  even  with  a  weight  increase  of  18%. 

Question:      Are  the  fluorocarbon  finishes  that  you  have  described  removable? 
Pittman:     The  reactive  copolymer  finishes  cannot  be  removed  by  extraction.  They 
may  be  removed  by  abrasion.    The  finishes  based  on  the  aziridines  can  be  removed 
by  appropriate  solvents  (such  as  benzotrifluoride)  but  not  by  ordinary  dry  cleaning. 
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NEW  CHEMICAL  MODIFICATIONS  OF  WOOL 


N.  H.  Koenig 

Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

Exploratory  treatments  of  wool  fabric  with  isocyanates  have  increased  the 
resistance  of  the  fabric  to  chemical  attack  and  to  laundering  shrinkage.  Isocyanates 
have  special  interest  because  they  are  highly  reactive  and  because  they  have  gradu- 
ally decreased  in  price  with  large-scale  use  in  urethane  foams.     Two  kinds  of  treat- 
ment have  been  developed:    (1)  internal  chemical  modification  with  the  help  of  special 
swelling  liquids  and  (Z)  external  (surface)  polymer  deposition  from  a  volatile  diluent 
plus  a  small  amount  of  special  swelling  agent  to  graft  the  polymer  to  the  wool. 
Internal  modification  with  isocyanate  is  the  best  method  we  have  found  so  far  for 
increasing  the  resistance  of  wool  to  chemical  attack.     The  greatly  improved  resis- 
tance of  isocyanate-treated  wool  to  sodium  hypochlorite  is  particularly  interesting 
because  of  the  common  use  of  this  bleach  in  home  laundering.    External  polymer 
deposition  is  primarily  a  method  for  decreasing  shrinkage. 

Internal  chemical  modification.  The  wool  structure  imposes  certain  require- 
ments on  internal  chemical  modification.     Wool  consists  of  polypeptides  with 
attached  groups  such  as  amino,  guanidino,  and  hydroxyl,  with  hydrogen  atoms 
potentially  able  to  react  with  isocyanates,  acid  chlorides,  and  other  acylating- type 
reagents  (1,   2).    A  typical  reaction  between  phenyl  isocyanate  and  wool  is  as  follows: 

C^H5-N=C=0      +      H^N-Wool  C^H5- NH- CO- NH- Wool 

Addition  occurs  across  the  N=C  bond.     The  bulky  phenylcar bamido  group,  which 
becomes  attached  to  the  wool,  blocks  the  reactive  amino  group  and  also  shields  the 
vulnerable  disulfide  linkage,  thereby  increasing  the  resistance  of  wool  to  chemical 
attack. 

Now  although  isocyanates  react  vigorously  with  simple  amines,  they  do  not 
react  with  wool  under  ordinary  conditions.     The  wool  structure  is  so  tightly  held 
together  by  disulfide  bonds,  hydrogen  bonds,  and  ionic  forces  that  most  organic 
molecules  cannot  penetrate  the  unswoUen  fiber.    For  example,  wool  can  be  heated 
with  pure  phenyl  isocyanate  for  an  hour  at  105°  C.  without  significant  modification. 
Conventional  solvents  for  isocyanates,   such  as  xylene  or  chlorobenzene,  do  not 
increase  their  reaction  with  wool.    However,  Fraenkel- Conrat  and  his  associates 
(3)  at  the  Western  Regional  Research  Laboratory  discovered  a  solvent,  pyridine, 
which  enabled  isocyanates  to  penetrate  and  react  with  keratin.     Wool  was  subsequently 
modified  by  isocyanates  in  pyridine  by  Farnworth  (4)  and  Moore  (5). 

Commercial  use  of  pyridine  may  be  restricted  by  its  cost,  odor,   toxicity,  and 
low  boiling  point.     I  have  recently  discovered  four  other  commercially  available 
liquids,  more  satisfactory  in  these  respects,  that  are  effective  media  for  chemical 
modification  of  wool  by  isocyanates  and  other  reagents  such  as  acid  chlorides  and 
acid  anhydrides  for  which  anhydrous  conditions  are  preferred.     These  liquids  and 
some  pertinent  properties  are  shown  in  Table  1.     It  will  be  noted  that  common  wool 
swelling  media  such  as  water,  ethanol,  and  formic  acid  are  unsuitable  for  our  purpos 
because  they  have  reactive  hydrogen  atoms.     The  liquids  of  Table  1,  on  the  contrary, 
are  "aprotic,  "  that  is,  they  lack  reactive  hydrogen  atoms;  nevertheless  they  permit 
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Table  1.  --Properties  of  some  aprotic  wool  swelling  media, 


Molecular     Boiling       Dipole  Dielectric 
^^^^^"^  Structure        weight         pt.,  °  C.    moment,  D  constant 


Dimethyl-  HCN(CH  )  73  153  3.8 

formamide  (DMF) 


N-Methyl-2-pyr-  1^  J^O  99  202  4.  1 

rolidone  (MPO)  N 


CH. 


^3 

Y-Butyrolactone  i  1  86  204 

(BUL)  1^  J=0 

O 


37 


Dimethyl  (CH,)  SO  78  189  4.3  45 

sulfoxide  (DMSO) 


39 


isocyanates  to  penetrate  and  react  with  wool  under  practically  anhydrous  conditions. 

These  aprotic  media  have  certain  other  properties  in  common  that  are  related 
to  their  effectiveness.     Their  molecular  weights  are  low,  73  to  99,   so  that  the 
molecules  are  small  enough  to  penetrate  the  wool.     The  boiling  points,  153°  to 
240  °C„,  are  high  enough  that  heat  can  be  used  conveniently  to  facilitate  swellina 
and  mcrease  rates  of  diffusion  and  reaction.    Perhaps  most  significantly,   tlie  dFpole 
moments  (near  4  Debye  units)  and  dielectric  constants  (roughly  40)  show  that  the 
liquids  are  highly  polar„     This  property  helps  to  overcome  internal  electrostatic 
forces  that  restrict  penetration.    Figuratively,   these  liquids  act  as  "molecular 
wedges"  (suggested  by  Dr„  Lundgren).     They  wedge  open  the  wool  structure  so 
that  the  isocyanate  can  reach  the  reactive  sites. 

In  our  experiments  to  achieve  internal  modification,  a  circle  of  dried  fabric 
(1.1  to  1.  3  grams  of  undyed,   solvent-extracted  wool  flannel)  was  placed  in  a  Petri 
dish  with  a  mixture  of  isocyanate  and  swelling  medium.     The  covered  dish  was  then 
put  m  an  oven  for  the  desired  time,     Unreacted  material  was  removed  by  rubbina 
the  fabric  in  warm  acetone,  then  extracting  with  ethanol  overnight  in  a  Soxhlet 
apparatus.     The  modified  fabric  was  dried  and  the  extent  of  reaction  determined  by 
the  increase  in  weight. 

Media  were  compared  in  reaction  rate  with  phenyl  isocyanate  as  a  model 
reagent.     Times  and  temperatures  were  chosen  to  emphasize  the  rate  differences 
and  to  determine,  under  non-forcing  conditions,  limiting  values  for  the  uptake. 
Results  are  shown  in  Table  2.    Reaction  was  most  rapid  in  dimethyl  sulfoxide, 
followed  in  decreasing  order  by  dimethylformamide,   N-methyl-2-pyrrolidone,  and 
y-butyrolactone.    Although  the  rate  varies  greatly,  the  maximum  uptake  is  about 
the  same,   38%,  for  the  four  media.    Since  phenyl  isocyanate  was  present  in  large 
excess,   this  fact  strongly  suggests  that  the  isocyanate  is  reacting  internally  with 
specific  reactive  groups  of  the  wool. 
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Table  2. --Rate  of  phenyl  isocyanate  uptake  in  different  media.  

Temperature,  Reaction  Uptake,  %  in  indicated  medium 


"C.                             time,hr  ■  DMSO  DMF  Vu-Q  3UL 

70                                 1.0  36  14 

2.0  36  29  3  4 

80                               6.0  -  -  23  6 

105                               0.50  36  38  38  6 

1.0  37  38  38  31° 


Dry  fabric  (1.3g)  treated  with  2  ml.  phenyl  isocyanate,  3  al .  of  indicated  medium. 
"au  additioaal  experiment,   for  4.0  hr . ,  gave  38%  uptake. 


Additional  evidence  of  specific  internal  modificat  ion  was  obtained  by  measuring 
super  contraction.    When  untreated  wool  fibers  are  boiled  in  dilute  aqueous  sodium 
bisulfite,  the  disulfide  bonds  that  stabilize  the  wool  structure  are  cleaved.    As  a 
result  the  fibers  shorten  ("supercontract")  to  about  three-quarters  of  their  original 
length.    Monofunctional  reagents  that  introduce  bulky  protective  groups  can  be 
expected  sometimes  to  interfere  with  supsrcontraction.    On  the  other  hand,  stable 
cross  links,  which  may  be  introduced  by  difunctional  reagents,  may  stabilize  the 
fiber  structure  to  such  an  extent  as  to  prevent  supercontraction  entirely.     It  is 
therefore  informative  to  compare  the  behavior  of  fibers  which  have  been  treated  so 
as  to  combine  with  similar  weights  of  monofunctional  and  difunctional  reagents. 

Table  3  shows  such  a  comparison  of  octyl  isocyanate  with  hexamethylene  diiso- 
cyanate  and  of  lauroyl  chloride  with  dodecanedioyl  chloride.     The  samples  were 


Table  3  .--Supercontraction  of  wool  fibers  treated  with  monofunctional  versus 
difunctional  reagents. 


a 

Treating  reagent 

Formula 

Uptake,  7o 

Supercontraction, 

Octyl  isocyanate 

CH2(GH2)7NC0 

20 

22 

Hexamethylene  diisocyanate 

0CN(CH2)gNC0 

19 

0.4 

Lauroyl  chloride 

CH^CCHp^^COCl 

19 

23 

Dodecanedioyl  chloride 

C10C(CH2)^qCOC1 

20 

4 

None  (untreated  wool) 

0 

25 

Treatment  conditions  were  selected  to  give  moderately  high  and  nearly  equal  uptakes, 
with  mildest  conditions  at  105°G.:     (1)  1  ml.  octyl  isocyanate,   5  ml.  DMF,  20  min; 
(2)  0.3  ml.  hexamethylene  diisocyanate,  5  ml.  DMF,  90  min;   (3)  2  ml.  lauroyl  chloride, 
4  ml.  DMF,   10  min;   (4)   1  ml.  dodecanedioyl  chloride,  5  ml.  DMF,  20  min. 
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treated  in  dimethylformamide  under  conditions  that  gave  uptakes  of  19  to  Z0%, 
(Dimethyl  sulfoxide  is  not  compatible  with  acid  chlorides,  )    The  samples  treated 
with  monofunctional  reagents  proved  to  supercontract  very  nearly  as  much  as  un- 
treated wool  (Z5%).     The  difunctional  reagents,  on  the  other  hand,  drastically 
limited  supercontraction,   respectively  to  0.4  and  4%.     These  results  clearly  show 
that  the  wool  has  been  internally  modified  and,   in  fact,  that  the  difunctional  reagents 
have  introduced  cross  links. 

Surface  polymer  treatment.    Information  gained  in  these  basic  studies  of  internal 
modification  has  been  used  to  bind  an  is ocyanate- derived  polymer  to  the  wool  surface. 
In  this  case,  polymer  forms  by  reaction  of  moisture  in  the  wool  with  a  diisocyanate, 
tolylene-2,  4-diisocyanate,  (TDI)  a  major  component  of  the  cheapest  commercial 
isocyanate.    The  reaction  is  as  follows  (R  represents  the  Z,  4-tolylene  radical, 
CH3C6H3): 

0=C=N-R-N=C=0   +    ZHOH — HOOC-HN-R-NH-COOH  — H^N-R-NH^  + 

ZCO2. 

n  0=C=N-R-N-C=0   +   n  H2N-R-NH2  (-R-NH-CO-NH-)^^- 

In  the  first  step,  the  diisocyanate  adds  water  and  eliminates  carbon  dioxide  to  form 
a  diamine.    Next,  the  diamine  reacts  with  additional  diisocyanate  to  form  a  linear 
polymer--a  polyurea  since  it  contains  substituted  urea  groups.    The  process  may  be 
designated  the  isocyanate  polyurea  treatment. 

Barr,   Capp,  and  Spaakman  (6)  have  explored  the  shr inkproof ing  of  wool  by  treat- 
ment with  diisocyanates  in  "white  spirit".    The  present  isocyanate  polyurea  treat- 
ment attempts,  first,  to  take  advantage  of  the  moisture  naturally  present  in  air-dry 
wool  to  form  polyurea  and,  second,  to  use  measured  amounts  of  compatible  aprotic 
liquids  to  control  the  reactivity  and  site  of  reaction  of  the  isocyanate.    The  polymer 
formed  is  presumably  too  large  to  penetrate  the  wool  structure,  but  a  durable 
treatment  is  achieved,  presumably  by  grafting  to  reactive  groups  at  or  near  the  wool 
surface. 

In  our  work,  the  moisture  content  of  the  wool  was  controlled  by  preconditioning 
the  fabric  at  Z1°C.  and  65%  relative  humidity.    The  diisocyanate  was  applied  in 
solution  in  dichlorome thane,  chosen  because  it  is  low-boiling,  unreactive,  and  non- 
inflammable,  together  with  controlled  amounts  of  the  aprotic  swelling  liquids.  The 
dichloromethane  distributes  the  diisocyanate  and  is  suited  to  a  continuous  process. 
In  the  preliminary  studies,  round  fabric  samples  as  before  were  treated  in  covered 
Petri  dishes.    The  samples  were  then  rubbed  in  warm  acetone  was  extracted  over- 
night with  ethanol  in  a  Soxhlet  apparatus.    For  larger-scale  tests,  10  x  15-inch 
swatches  were  wet  out  in  a  glass  tray  with  just  enough  solution  to  cover  the  fabric. 
Excess  liquid  was  at  once  squeezed  out  with  a  laboratory  padder  to  a  wet  pick-up  of 
about  95%,    The  fabric  was  then  pressed  in  a  tailor's  steam  press  as  soon  as 
possible:    two  minutes  under  dry  heat,  then  two  minutes  under  vacuum.  Reagent 
uptakes  were  estimated  from  the  gain  in  weight  of  the  conditioned  fabric.  Area 
shrinkage  was  determined  with  the  Accelerotor.    Flexural  rigidity,  Elmendorf  tear 
strength,  and  cut  strip  breaking  strength  were  also  found  by  standard  methods. 
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Table  4. --Effect  of  dimethylformamide   (DMF)  on  polyurea  deposition.'^ 


DMF, 


Uptake,  % 


Notes 


Untreated  wool 
0.02 
0.03 
0.u4 
0.06 
0.20 


2 
2 
18 
50 
95 


Shrinkage,  507c, 


Shrinkage,  18% 

Slight  coating  on  fabric 

Fabric  very  stiff 


\'ool   (1.4  g.),   1  ml.  TDI,   indicated  ml.  DMF,   5  ml.  CH2CI2  heated  2  hours,  lOS^C. 


Table  4  shows  very  clearly  that  the  amount  of  polyurea  deposited  on  the  wool 
and  the  shrinkage  protection  increase  together  as  the  proportion  of  dimethylforma- 
mide is  increased.     With  the  highest  proportion  of  dimethylformamide,  essentially 
all  of  the  diisocyanate  is  converted  to  grafted  polymer.     Under  these  conditions  the 
surface  deposit  is  apparent;  in  fact  the  fabric  is  excessively  stiff. 

To  determine  more  desirable  conditions  for  shrinkage  protection,  a  set  of 
fabric  circles  was  treated  with  varying  amounts  of  the  diisocyanate  in  the  presence 
of  enough  dimethylformamide  to  assure  complete  reaction.     The  results,   in  Table  5, 
show  that  shrirLkproof  samples  were  obtained  with  a  weight  uptake  of  15%. 

Table  5  .--Variation  of  shrinkage  with  amount  of  tolylene  diisocyanate  (TDI)  .'^ 


TDI,  ml.  Uptake,  %  Shrinkage,  % 

0.20  18  2 

0.15  15  0 

0.10  11  8 

Untreated  wool  -  47 

^.Jool  (1.4  g.),  TDI,  0.10  ml.  DMF  and  5  ml.  CH2CI2  heated  15  min.  at  120°C. 

Table  6. --Effect  of  isocyanate  polyijrea  treatment  on  fabric  properties.'^ 

Resin                  Area               Flexural ^  Elmendorf  Breaking  strength 

uptake^           shrinkage"-^         rigidity'  tear  strength^  (cut  strip) 

%                       %                    mg  .  -  cm .  g:.    Ib^  

0  (untreated)             48                     103  1587  19 

1                       14                     137  1171  19 

a 

Undyed  wool  flannel,  10  x  15  inches   (23  g.),  was  treated  with  3  ml.  TDI,  5  ml.  DMF, 

and  80  ml.  CH2CI2,  squeezed  to  95%  wet  pickup,  and  pressed  4  minutes. 

^The  uptake  was  determined  from  the  conditioned  weight  after  dolly  washing. 

^Area  shrinkage  was  detsrniined  with  tha  modified  Accelerotor.     (Pardo,  C.  E.,  J. 
Textile  Inst.  51,  T1451,  (I960)). 

Flexural  rigidity  at  65%  relative  humidity  was  found  by  ASTM  method  D1333-55T. 
^Tear  strength  was  found  by  ASTM  method  D1424-56T. 

^Cut  strip  breaking  strength  was  found  by  ASTt-1  method  D36-49.  
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Larger  scale  treatment  was  then  carried  out.     Table  6  gives  results  for  the  best 
sample  obtained  so  far.     Because  tJie  swatch  was  stiff  after  pressing,   it  was  dolly- 
washed  several  times  before  measuring  the  shrinkage  and  mechanical  properties. 
Considerable  shrinkage  protection  has  been  realized,   but  further  control  is  needed. 
The  final  fabric  is  only  slightly  stiffer  than  the  original.     There  is  a  loss  of  about 
one-fourth  in  tear  strength  under  sudden  impact,   showing  a  tendency  common  among 
additive  resin  treatments.     On  the  other  hand,  no  loss  in  strength  is  shown  in  the  cut 
strip  test,   in  which  the  load  is  applied  slowly.     Evidently  simultaneously  adequate 
shrinkage  control  and  fabric  properties  remain  to  be  attained.     We  hope  this  can  be 
realized.    Other  objectives  are  to  optimize  shrinkage  protection  and  chemical 
resistance  and  to  include  reagents  for  special  effects.     The  capable  technical  assist- 
ance of  Mrs.   Mary  Muir  is  gratefully  acknowledged. 
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Discussion  of  Dr.  Koeni^g's  Report 

Question:      Are  the  weight  increases  of  tlie  isocyanate -treated  wools  consistent 
with  stoichiometric  reaction  with  specific  functional  groups? 

Koenig_:       Yes.     The  maximum  increase  is  near  the  predicted  range  of  45  to  50%. 

Que s tion:      One  would  expect  that  reaction  of  isocyanates  with  groups  with  reactive 
hydrogen  would  decrease  the  equilibrium  moisture  content.    Is  such  an  effect 
observed? 

Koenig:       Yes,    There  is  a  drop  in  moisture  regain. 

Question:  In  considering  the  properties  of  the  isocyanate-treated  fabrics,  I  wonder 
about  wrinkle  recovery. 

Koenig:  The  internally  modified  fabrics  show  some  improvement  in  recovery  from 
wrinkling  at  high  humidity. 
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TREATMENT  OF  WOOL  BY  OZONE 


Walter  J.  Thorsen 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 


This  is  a  progress  report  of  studies  of  the  practical  effects  of  ozone  on  wool. 
In  recent  years,   industrial  use  of  ozone  has  increased  steadily  because  of  certain 
unique  properties.     Improved  generators  have  made  its  use  convenient  and  economi- 
cal.    Today  chlorine  is  the  only  cheaper  oxidizing  agent,   compared  pound  for  pound. 
Because  ozone  is  a  strong  oxidizing  agent,   its  action  on  textiles  may  be  expected  to 
resemble,  at  least  in  a  general  way,  those  of  chlorine,  peroxymonosulfur ic  acid, 
and  permanganate.    It  is  reported  to  bleach  linen  (1)  and  other  cellulosic  fibers  (2) 
and  to  react  with  silk  (3).    In  the  case  of  wool,   Wilkinson  and  Brown  (3,  4)  found  that 
it  increases  dye  affinity  and  reduces  shrinkage.    However,  the  treatments  described 
were  undesirably  long--the  shortest  required  70  minutes--and  resulted  in  yellowing, 
loss  of  strength,  and  poor  hand. 

Under  ordinary  atmospheric  conditions  wool  reacts  very  slowly  with  ozone. 
Increased  moisture,  however,  accelerates  the  reaction;  by  appropriate  control  of 
conditions  undesirable  effects  can  be  minimized  or  avoided.     In  our  work  we  have 
determined  the  effects  of  two  kinds  of  treatment.     In  one,  a  stream  of  oxygen  con- 
taining ozone  is  mixed  with  live  steam  to  supply  heat  and  moisture,  then  passed 
through  the  fabric.    In  the  second,  dry,  ozone  -  bear  ing  oxygen  is  passed  through 
wet-out  fabric. 

A  laboratory  ozone  generator.    First  I  waat  to  describe  our  apparatus.  Ozone 
decomposes  so  rapidly  that  it  must  be  made  at  the  point  of  use.     In  a  typical  gen- 
erator, dry  oxygen  is  passed  between  electrodes  across  which  a  silent  electric 
discharge  is  established  by  a  high-voltage  transformer.    Ozone  concentrations  as 
high  as  6%  by  weight  are  attained.    A  typical  commercial  laboratory  ozonator 
produces  8  grams  of  ozone  per  hour.     We  wanted  more  and  therefore  developed  the 
generator  shown  in  Figure  1.    It  consists  of  two  concentric  glass  cylinders,  closed 


OZONE  GENERATOR 

Material:  Pyrex  glass 
tublng.standard  wall 


for  tygon  tubing 


Maintain  clearance 

as  uniformly  as  possible 


Join  tubing  slightly  above 
extremity,  for  clearance  when 
standing  on  surface 


Figure  1:    Single  unit  of  laboratory  ozone  generator. 
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at  the  bottom.     The  annular  space  is  sealed  at  top  and  bottom  except  for  gas  inlet 
and  outlet  connections.     The  assembly  is  placed  in  a  pipet  jar  filled  with  water, 
which  serves  as  one  electrode.     The  space  inside  the  inner  cylinder  is  also  filled 
with  water  for  the  other  electrode.    Electricity  is  provided  by  a  400-cycle  generator 
at  16,  000  volts  maximum.     We  use  a  battery  of  18  such  units.     The  cells  are  in 
parallel  electrically  and  draw  a  maximum  of  about  66  milliamperes  or  1000  watts 
The  cells  are  paired  so  that  dry  oxygen  flows  through  the  annular  space  of  two  in  * 
series  at  the  rate  of  about  0.  3  cu.  ft.  /min.  or  a  total  of  3  cu.  ft.  /min.  for  the 
battery.     This  equipment  produces  250  grams  of  ozone  per  hour.     We  determine 
concentration  with  a  commercial  meter  operating  by  measurement  of  thermal  con- 
ductivity. 


T£^f^^?_eiLt_^ith_ozone_mJx^  To  accelerate  reaction  of  ozone 

with  wool,  we  first  tried  mixing  the  ozone-bearing  oxygen  with  dry  steam.    Figure  2 
shows  the  apparatus.     The  ozone-bearing  oxygen  and  steam  are  blended  in  a  heavy- 
walled  flask  and  then  passed  up  through  a  porcelain  Buchner  funnel  covered  with  a 
12-mch  square  of  fabric  to  be  treated.    A  thermocouple  is  placed  next  to  the  fabric 
to  measure  its  temperature.    A  second  Buchner  funnel  is  inverted  over  the  fabric 
to  confine  the  effluent  gas  and  aid  uniformity  of  treatment.     Top  is  treated  by  packina 
It  loosely  m  the  space  between  the  funnels.  ° 


Thermocouple 
laid  on  fabric 


Buchner  funnels 


Cork  stopper 


Vacuum  filter  flask 


Steam 


Figure  2:    Apparatus  used  to  treat  fabric  with  mixture  of 
ozone  and  dry  steam. 

Shrinkage  is  determined  by  the  Accelerotor  test.     Protection  is  judged  adequate 
If  area  shrinkage  is  5%  or  less.    Woolen  and  worsted  fabrics  were  adequately  stabil- 
ized by  5  minutes'  treatment  at  93°  C.  with  an  ozone  concentration  of  50  mg  /liter 
applied  at   0.017  cu.  ft.  /minute.    Shrinkage  of  2%  or  less  resulted  under  conditions 
such  that  untreated  fabric  shrank  35%.     Comparable  results  were  obtained  in  1-1/2 
minutes  at  75  °  or  96  °  C.  with  a  concentration  of  70  mg.  /liter  applied  at  0.  1  cu.  ft  / 
minute. 
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Top,  eitiier  wool  or  mohair,   can  also  be  stabilized.    Ozone  treatment  results  in 
substantial  increase  in  fiber  surface  friction,  shown  by  direct  measurement  and 
confirmed  by  substantial  increase  in  top  static  cohesion  (5)--from  0.04  to  0.16  gram 
per  tex  (3.1  to  11.  5  grams  per  grain  per  yard)  for  a  medium  wool  top;  a  mohair  top 
similarly  increased  about  five-fold  in  static  cohesion. 

Undyed  fabric  is  bleached  by  the  treatment,  which  did  not  significantly  weaken 
the  fiber  or  fabric.    Marked  increases  in  the  rate  of  dyeing  of  treated  fabrics  were 
demonstrated  with  several  dyes  applied  by  conventional  procedures.    Figure  3 
illustrates  the  effect  of  solvent  dyeing  with  an  acid  milling  dye  (Brilliant  Milling  Blue) 


Figure  3:    Fabric  sample,  the  center  treated  with  ozone  and 
dry  steam,  dyed  with  Brilliant  Milling  Blue. 

for  30  seconds  at  180  °F.     The  circular  treated  area  accepted  the  dye  much  more 
rapidly  than  the  outside.     The  dyeing  is  level,  wash-fast,  and  does  not  crock. 
Fadeometer  tests  show  the  dyed,  ozone-treated  fabric  somewhat  more  light-fast 
than  the  control. 

Certain  disadvantages  of  the  steam  treatment  remain  to  be  overcome.  The 
treated  fabric  has  a  slippery  feeling  when  wet.    Woolens  in  particular  tend  to  be 
boardy  when  dry,  although  the  hand  is  improved  by  subsequent  washing  or  dyeing. 
V/ater  repellency  is  decreased.    The  degree  of  degradation  of  the  fabrics  is  shown 
by  the  increase  in  alkali  solubility  from  12  or  15%  to  about  23%,  and  especially  by 
the  decrease  in  abrasion  resistance.    The  abrasion  resistance  of  worsted  fabric 
decreased  to  23%  and  that  of  woolen  fabric  to  34%  of  the  original  value. 

Ozone  treatment  of  wet  fabric.    To  improve  speed  and  efficiency  and  to  mini- 
mize disadvantages,  we  have  also  explored  ozonization  of  wet-out  fabric.    For  this 
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Figure  4;    Experimental  arrangement,  with  stainless  steel 

spool  with  perforated  spindle,  used  to  ozonize  wet- 
out  wool  fabric. 

purpose  a  5-foot  length  of  wet  fabric  was  wrapped  around  a  stainless  steel  spool  with 
a  perforated  spindle  as  shown  in  Figure  4.     The  gas  mixture  was  forced  through  the 
fabric  from  the  inside.    To  get  even  treatment  of  the  outside  layer  it  was  sometimes 
covered  with  additional  fabric.     The  amount  of  moisture  in  the  wool  is  important. 
I  find  that  best  shrinkage  resistance  with  least  fiber  damage  is  obtained  with  about 
30  to  40%  moisture.    Additional  water  tends  to  block  penetration  of  ozone  by  filling 
the  spaces  between  fibers.     The  temperature  rises  rapidly  during  treatment, 
especially  during  the  first  minute,  and  may  reach  15°  C.  above  room  temperature 
in  a  few  minutes. 

A  woolen  fabric  treated  with  ozone  at  50  mg.  /liter  at  a  rate  of  0.  017  cu.  ft.  /min. 
is  given  adequate  shrinkage  protection  in  five  minutes.     The  necessary  time  can  be 
decreased  to  30  seconds  by  increasing  the  concentration  and  flow  rate.     The  treat- 
ment causes  essentially  no  change  in  hand;  the  treated  fabric  is  not  slippery  or 
boardy.    Alkali- solubility  is  increased  by  only  2%  in  several  minutes  of  treatment. 
Wet  and  dry  tensile  strengths  of  fiber  and  fabric  are  unchanged.     The  Young's 
modulus  of  the  wet  fiber  is,  however,  decreased  30%.     With  the  short  treatment 
abrasion  resistance  is  unchanged,  or  may  even  appear  to  increase.     Water  repellency 
is  slightly  decreased. 

The  wet-fabric  treatment  is  cheaper  than  the  steam  treatment:    0.  2  cent  per 
yard  as  compared  with  0.4  cent  per  yard.    I  believe  that  the  steam  process  uses 
more  ozone  because  the  fibers  are  swelled  more,  with  the  result  that  the  ozone  can 
penetrate  and  react  more  readily  with  the  interior  of  the  fiber. 
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In  conclusion,   I  believe  ozone  is  a  most  attractive  reagent  for  non- additive 
treatment  for  shrinkage  control  and  merits  further  study  and  development.     We  are 
exploring  various  methods  for  continuous  treatment  and  hope  soon  to  have  a  practical 
method. 
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PROGRESS  IN  SHEARLING  AND  LEATHER  RESEARCH 

J.  Naghski 

Hides  and  Leather  Laboratory,   USDA,  Philadelphia 

In  the  last  decade  we  have  seen  a  great  change  in  the  hide,   skin,  and  leather 
economy.    The  postwar  years  brought  a  phenomenal  increase  in  meat  production  and 
the  hide  supply  quickly  rose.    At  the  same  time,  demand  for  hides  fell  because  of 
increasing  use  of  synthetic  substitutes  for  leather.    In  1951-52,  the  United  States 
became  an  exporter  instead  of  an  importer  of  hides.    Reflecting  the  changed  situa- 
tion, the  leather  research  program  of  the  Department  of  Agriculture  was  reorganized 
in  1953.    Emphasis  was  shifted  from  conservation  to  utilization.     The  primary 
objective  became  one  of  better,  more  versatile,  and  more  economical  leathers  to 
meet  the  challenge  of  synthetics.     The  program  is  divided  roughly  into  four 
categories,  two  basic  and  two  applied  studies  on  specific  developments  in  leather 
technology.     The  basic  work  includes  composition  of  hides  and  skins  and  their 
chemical  modification.     The  applied  studies  are  concerned  with  leather  processing 
techniques  and  new  tannages. 

Composition.   Hide  is  a  complex  substance  consisting  of  proteins,  carbohydrates, 
lipids,  and  minerals.    Before  we  can  understand  fully  what  we  are  doing  to  a  hide 
when  we  cure  it,  remove  its  hair,  tan  it,  and  perform  other  processes  we  must 
learn  how   each  affects  these  components  individually  and  in  combination.  In 
addition  to  composition,  the  location  of  components  within  the  structure  can  be  very 
important  to  leather  quality. 

Since  leather  has  a  physical  resemblance  to  textiles  and  is  chemically  similar 
to  other  high  polymers,  techniques  of  high-polymer  chemistry  are  applied  to  reveal 
fundamental  physical-chemical  properties  of  hides  and  leather.    Research  is  also 
conducted  on  the  physical  chemistry  of  soluble  collagens  to  provide  information  for 
developing  nonconventional  prodacts. 
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Chemical  modification.    Hides  and  skins  are  tanned  by  certain  organic  and  in- 
organic materials  which  react  with  functional  groups  of  the  collagen  molecule.  In 
developing  new  tanning  materials,   it  is  important  to  know  what  changes  in  physical 
and  chemical  properties  of  the  collagen  are  induced.     The  improvement  of  natural 
products  by  chemical  modification  is  well  recognized  by  processors  of  wool,  cotton, 
and  cellulose.    We  feel  tlaat  same  can  be  true  for  the  animal  proteins  in  hides  and 
skins.     This  research  has  already  shown  that  the  structure  of  leather  can  be  stabilized 
by  polyf unctiolial  chemicals,   such  as  glutaraldehyde  and  dialdehyde  starch  to  resist 
deterioration  from  perspiration  and  chemicals. 

.E!£2££^jJ:'G:aJ'££^}I}'-S.y:?.5.*    Speed  and  economy  of  processing  and  improved  quality 
of  finished  leather  are  the  aims  of  research  on  leather  processing.     Now  under  de- 
velopment is  a  new,  quick  method  of  removing  the  hair  by  enzymes  instead  of  lime. 
Perfection  of  such  a  process  would  not  only  save  time  but  would  also  enable  packers 
to  remove  the  hair  from  hides  before  shipping  them  to  the  tannery,   thus  saving 
shipping  costs  and  permitting  more  accurate  grading. 

Through  the  years,   improvements  in  tannery  methods  have  reduced  the  time 
necessary  to  make  leather.    Production  of  sole  leather  with  vegetable  tannins, 
however,   still  remains  a  process  requiring  many  weeks.    Our  studies  show  that 
tanning  time  can  be  reduced  to  one  week  if  hides  are  pretreated  with  dialdehyde 
starch.     The  resulting  leather  is  comparable  to  commercial  production  in  physical 
and  chemical  properties. 

Ne w_tannag_e s .    From  basic  studies  on  chemical  modifications  of  hides  and  hide 
proteins  have  emerged  some  completely  new  tanning  agents.    Dialdehyde  starch, 
mentioned  above,   shortens  the  time  required  to  tan  sole  leather.     The  current  high 
cost  deters  commercial  adoption.    Glutaraldehyde  on  the  other  hand  is  finding 
growing  use  for  garment  leathers  with  increased  mellowness  and  for  shoe  lining  and 
shoe  upper  leathers  where  resistance  to  deterioration  from  perspiration  and 
chemicals  is  essential. 

Tanning  with  glutaraldehyde.    For  several  years  our  Laboratory  and  the  Quarter- 
master Laboratory  have  studied  tanning  properties  of  certain  organic  compounds 
known  as  aldehydes.    Our  research  has  led  to  processes  for  improved  leather  using 
glutaraldehyde  alone,   simultaneously  in  the  same  tan  bath  with  chrome,  and  as  a 
retannage  after  chrome.    Such  versatility,   coupled  with  commercial  availability  at 
reasonable  cost,  soon  led  to  commercial  use. 

Perspiration-resistant  leathers.    An  outstanding  property  that  glutaraldehyde 
imparts  is  resistance  to  perspiration.     This  is  true  whether  glutaraldehyde  is  used 
as  the  only  tanning  agent  or  used  in  combination  with  chrome  or  vegetable  tannins. 
To  obtain  good  perspiration  resistance  the  following  amounts  of  the  commercial  Z5% 
glutaraldehyde  solution  are  suggested  when  used  as  the  only  tanning  agent:    12%  for 
sheepskin  and  15%  for  side  leather.    For  retannage  on  chrome,  10%  should  be 
adequate.    The  notable  resistance  to  perspiration  of  this  leather  has  led  to  new  ap-  . 
plications,  for  example  in  work  shoe  leather.    Tests  have  been  made  with  glutar- 
aldehyde as  the  only  tanning  agent  as  well  as  in  combination  with  chrome.  Field 
tests  substantiate  our  laboratory  tests  for  both  tannages.    Work-shoe  leathers  tanned 
with  glutaraldehyde  alone  or  with  chrome  have  given  excellent  service  in  dairy  barns, 
paper  mills,   cement  plants,  and  gasoline  stations,  where  perspiration,  alkali,  and 
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alkaline  cleansing  agents  rapidly  deteriorate  leather.    Glutaraldehyde  and  glutar- 
aldehyde  -  chrome  leathers  are  now  available  in  work  shoes, 

Laanderabl^e  she_arling_s.  Another  property  glutaraldehyde  imparts  to  leather  is 
improved  resistance  to  hot  soap  solution.     This  property  suggested  use  of  glutar- 
aldehyde for  producing  "easy  care"  shearlings.    As  hospital  bed  pads  shearlings  have 
been  known  to  reduce  incidence  of  bed  sores  among  bedridden  patients.  However, 
the  extreme  care  required  to  prevent  damage  to  the  leather  during  cleaning  and 
sanitizing  discouraged  extensive  use.     Workers  in  Australia  recently  reported  the 
washability  of  shearlings  tanned  with  high  amounts  of  chromium  salts.    Our  studies 
show  that  shearlings  can  be  produced  where  the  pelt  will  not  shrink  or  harden  on 
repeated  laundering  in  warm  soapy  water.    Launderability  is  imparted  by  tanning 
with  15%  of  commercial  glutaraldehyde  solution  or  by  lesser  amounts  fortified  with  a 
small  amount  of  chrome.    Current  efforts  are  directed  to  perfecting  processes  for 
commercial  use.    Work  with  shearlings  is  complicated  by  the  presence  of  wool  in 
addition  to  the  skin.    Although  glutaraldehyde  stabilizes  the  skin  towards  washing, 
it  does  not  keep  the  wool  from  matting.     This  does  not  impair  the  value  of  shearlings 
as  bed  pads.    However,  solution  of  this  problem  could  enhance  their  utility  and  open 
new  markets. 

Detailed  publications  and  a  list  of  patents  on  leather  research  are  available  from 
the  Eastern  Utilization  Research  and  Development  Division,   USDA,   600  East  Mer- 
maid Lane,   Philadelphia,   Pennsylvania  19118. 


LATEST  DEVELOPMENTS  IN  COTTON  CHEMICAL  FINISHES 

Wilson  A.  Reeves 
Cotton  Finishes  Laboratory,  USDA,  New  Orleans,  Louisiana 

Recent  work  at  the  Southern  Regional  Research  Laboratory  has  led  to  significant 
progress  on  four  important  problems  of  the  cotton  industry:    (a)  protecting  fabric 
against  rot  and  mildew,  (b)  retaining  fabric  strength  in  wash-wear  finishing,  (c) 
permitting  optional  deferred  cure  for  setting  creases,  and  (d)  making  "stretch" 
fabrics. 

Antimicrobial  Finishes  with  Zirconium  (1) 

A  simple  way  to  prevent  growth  of  fungi  and  algae  on  cotton  consists  in  impreg- 
nating fabric  with  a  fungicidal  metal,   such  as  copper  or  mercury,   in  a  water-soluble 
complex  with  zirconium.    Heat  then  breaks  down  the  complex  to  give  an  insoluble 
deposit.    Since  zirconium  compounds  have  been  found  to  have  strong  affinity  for 
cellulose,  the  new  derivatives  can  be  expected  to  resist  leaching  and  have  durable 
fungicidal  activity.    Also,  algacidal  activity  observed  in  previous  studies  contributes 
to  usefulness  of  the  new  treatment.    Treated  cotton  fabrics  have  high  resistance  to 
microorganisms  when  tested  by  soil  burial  and  outdoor  exposure.     The  treatment  is 
durable,  costs  less  than  use  of  copper-8-quinolinolate,   imparts  no  odor,  and 
improves  resistance  to  sunlight. 
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For  this  treatment,   zirconyl  acetate  or  zirconyl  ammonium  carbonate  in  water 
solution  is  used  to  solubilize  inorganic  or  organome tallic  fungicides,  for  instance 
copper  borate  or  phenylme r cur y  acetate.     A  saturated  solution  of  the  complex  salt  is 
diluted  with  water  so  as  to  give  an  uptake  of  (for  example)  a  few  tenths  of  a  percent 
of  copper  or  mercury  on  the  fabric  and  in  addition  about  1  to  4%  of  zirconium  with 
50%  wet  pickup  after  padding.     The  wet  fabric  is  then  cured  3  to  5  minutes  in  an  oven 
at  145°  C.    Acetic  acid  is  lost  from  tlae  acetate  derivatives  and  ammonia  and  carbon 
dioxide  from  tlie  ammonium  carbonates.     The  insoluble  residues  are  believed  to  be 
essentially  copper  borate  zirconyl  esters  and  acids  or  pnenylme r cury  zirconyl  esters. 
The  copper  compounds  give  the  treated  fabric  a  light  blue  color,  but  the  mercurials 
are  colorless.     The  copper  compounds  impart  about  the  same  rot  resistance  as  an 
equivalent  a^nount  of  copper-8-quinolinolate.     For  exaxiiple  a  cotton  duck  treated  with 
tlie  copperx  borate- zirconyl  ammonium  carbonate  complex  to  deposit  0,4%  copper  and 
2.  5%  ZrO^  retained  all  of  its  strength  after  five  weeks  of  soil  burial.  Untreated 
fabric  disintegrated  in  about  one  week.     Other  samples  with  0.  Z%  copper  supported 
no  growth  of  mildew  in  14  months'  weathering.     Some  loss  of  strength  is  attributed 
to  sunlight. 

Procedure s.    The  zirconyl  acetate  derivative  of  copper  borate  is  prepared  by 
steeping  copper  borate  in  the  concentrated  zirconyl  acetate  solution  (13%  ZrO^)  at 
room  temperature  (25°  C.  )  for  24  to  48  hours.     Up  co  8%  copper  borate  (CuO.  B2O3) 
is  solubilized  in  this  manner  to  produce  a  deep-blue,  water  soluble  derivative. 
When  heated  to  dryness,  the  aqueous  derivative  decomposes  to  form  a  deep-blue, 
water-insoluble  material,  probably  copper  bis(borato  zirconyl  acetate). 

In  the  case  of  phenylme r cur ials  witli  zirconyl  acetate,  a  small  amount  of  di- 
me thylformamide  (DMF)  just  sufficient  to  dissolve  the  phenylme r cury  compound  is 
added  before  tlie  zirconyl  acetate  solution.     The  dry  phenylmercur ials  are  hydro- 
phobic,  requiring  DMF  to  permit  reaction.    Several  phenylmercur  ials  (i.  e.  ,  lactate, 
acetate,   propionate)  are  ultimately  soluble  to  tlie  extent  of  5  to  6%.    Heat  decompo- 
sition of  tlie  aqueous  derivatives  produces  an  insoluble  material  which  iTiay  be 
phenylmercury  zirconyl  acetate. 

Copper  borates  are  similarly  soluble  to  the  extent  of  8%  in  zirconyl  ammonium 
carbonate  (10%  ZrO^)  solution  at  rooin  temperature  (25°  C.  )  over  a  period  of  24  to 
48  hours.    Heat  decomposition  produces  a  blue-green,   insoluble  derivative  of  copper 
borate  and  hydrated  zirconia,  which  ma/  be  copper  bis(borato  zirconic  acid). 

Phenylme  r  cur  ials  (i.e.,  lactate,   acetate,  propionate)  are  solubilized  to  the 
extent  of  4.  0  to  4.  3%  mercury  metal  content  in  the  zirconyl  ammonium  carbonate 
solution.     Zirconyl  ammonium  carbonate  solutions  wet  the  phenyl  mercurials  readily, 
producing  water-soluble  derivatives  at  room  temperature  (25  °C.  )  without  the  use 
of  DMF.    Heat  decomposition  of  tlie  derivatives  results  in  insoluble  derivatives  of 
phenylmercury  zirconyl  ester. 

The  stability  of  these  aqueous  derivatives  of  both  copper  borate  and  phenyl- 

mercurials  with  zirconyl  acetate  and  zirconyl  ammonium  carbonate  is  noteworthy. 

With  the  exception  of  t±Le  phenylmercur  ials  solubilized  with  zirconyl  acetate,  which 

are  stable  for  only  a  few  days,   the  soluble  derivatives  are  stable  for  several  months. 

For  example,  the  soluble  derivatives  of  copper  borate  and  phenylme  r  cur  ials  witli 

zirconyl  ammonium  carbonate  have  remained  stable  for  six  months,  and  showed  no 
signs  of  deterioration  at  this  maximum  time. 


Soil  burial  resistance.    Water-soluble  derivatives  of  phenylmercur ic  acetate, 
paenylniercur ic  lactate,   and  phenylmercuric  propionate  were  prepared  with  13% 
zirconyl  acetate.     The  solutions  were  diluted  with  water  to  provide  0.4  to  0.  5% 
msrcury  on  the  fabric  with  a  50%  wet  takeup  after  padding.     This  solution  also 
deposited  approximately  3.25%  ZrO    on  the  fabric.    A  similar  series  was  prepared 
with  tiie  phenylmercuric  salts  solubuized  with  zirconyl  ammonium  carbonate,  in 
which  tlie  fabric  treatment  deposited  0.4%  mercury  and  Z.  4%  ZrO^,     Copper  borate 
dissolved  in  zirconyl  acetate  was  used  to  treat  duck  to  form  copper  bis(borato 
zirconyl  acetate).     With  a  50%  wet  takeup,   the  add-on  was  0.97%  copper  and  Z.  4% 
ZrO^.     Similarly,   copper  borate  dissolved  in  zirconyl  ammoniutn  carbonate  was 
used  to  treat  duck  to  form  the  insoluble  copper  bis(borato  zirconic  acid)  and  deposit 
0.4%  copper  and  Z.  50%  ZrO^  on  the  fabric.  Samples  of  the  fabrics,  with  no  additional 
coating  or  finish,   were  tested  by  burial  in  specially  composted  soil  of  high  micro- 
biological activity  for  varying  periods  and  breaking  strengths  were  determined. 

The  zirconyl  ammonium  carbonate  derivatives  produced  greater  resistance  to 
soil  burial  than  tlie  derivatives  of  zirconyl  acetate.     Ths  phenylmercuric  propionate 
gave  the  best  results  among  the  three  phenylme r cur ials  tested.     The  zirconyl 
ammonium  carbonate  derivative  of  the  propionate  retained  100%  strength  through  six 
weeks  of  burial.    In  all  cases  tlie  untreated  duck  completely  deteriorated  in  about 
one  week.    Fabric  treated  with  the  copper  borate- zirconyl  ammonium  carbonate 
derivative  retained  100%  strength  through  five  weeks  of  exposure.     This  protection  is 
generally  somewhat  better  than  is  obtained  in  our  laboratory  witli  copper-8- 
quinolinolate  when  about  0.  Z%  copper  is  added  to  the  fabric.     The  copper  borate- 
zirconyl  acetate  treated  fabric,  which  was  in  poor  condition  after  three  weeks' 
burial,  was  found  to  be  especially  good  on  outdoor  weathering. 

Outdoor  weatherinD_.    Outdoor  weathering  consisted  of  exposing  treated  samples 
along  with  untreated  on  wooden  racks  in  open  air.     The  racks  were  at  a  45°  angle 
facing  south,  to  give  maximum  sunlight  exposure.    After  exposure,    the  samples 
were  examined  visually  for  mildew  and  algae  and  breaking  strength  was  measured. 

Samples  treated  with  phenylme  r  cur  ials  dissolved  in  zirconyl  acetate  have  been 
exposed  IZ  months.     They  retained  40  to  55%  breaking  strength  while  the  controls 
retained  Z5%.    Mildew  and  algae  were  negligible  on  the  treated  samples,     while  the 
controls  showed  moderate  growth  of  both.    Duck  treated  with  copper  borate  dissolved 
in  zirconyl  acetate  to  contain  0.97%  copper  and  Z.  40%  ZrO^  retained  7Z%  strength 
without  any  v^isible  evidence  of  mildew  or  algae  after  14  months'  exposure.     The  pale 
blue  color  showed  very  little  change,   indicating  excellent  retention  of  the  agent. 

Fabrics  treated  with  phenylmercuric  salts  dissolved  in  zirconyl  ammonium 
carbonate  have  been  exposed  for  six  months.    At  this  time,  all  samples  were  in  good 
condition,     showing  no  evidence  of  mildew  or  algae  and  have  retained  an  average  of 
80  to  90%  of  their  original  breaking  strength.     This  period  is,  of  course,   too  short 
for  conclusive  opinions.    Solutions  of  copper  borate  dissolved  in  zirconyl  ammonium 
carbonate  were  applied  to  duck  to  give  0.  Z%  and  0.  4%  copper  add-ons  with  Z.  5% 
ZrO^,     These  samples  have  retained  an  average  of  60  to  70%  strength.     The  color 
retention  is  excellent,  and  there  is  no  visible  evidence  of  microbial  growth.  The 
control  retained  only  Z5%  of  its  original  breaking  strength,  with  heavy  growth  of 
both  fungi  and  algae.    Even  after  14  months  the  treated  fabric  was  free  from  mildew, 
although  it  suffered  some  loss  of  strengtla  due  to  sunlight.     The  durability  of  tlie 
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of  the  treatment  is  consistent  with  laboratory  tests  showing  the  new  agents  to  resist 
leaching.     Ths  chemical  cost  of  the  copper  borate  derivatives,   based  upon  the  amoant 
needed  in  cotton  fabric  to  provide  microbial  resistance  ranges  from  about  $1.71  to 
$4.  52  per  100  Ibso  of  fabric,  not  including  cost  of  application. 

High-Strength  Wash-Wear  Cotton  (2,  3) 

For  a  number  of  years  we  at  the  Southern  Laboratory  and  many  others  through- 
out the  world  have  conducted  research  to  find  new  finishes  based  on  crosslinking 
agents  that  would  eliminate  loss  of  strength.     This  research  has  not  produced  such 
an  agent.    About  two  years  ago  we  and  many  others  concluded  that  irrespective  of 
the  crosslink  chosen,  the  strength  loss  would  be  related  to  the  amount  or  degree  of 
smooth  drying  after  laundering  and  crease  resistance  during  wear,   imparted  by  the 
finish.     Then  we  decided  that  the  approach  must  be  to  modify  the  cotton  fiber  before 
a  wash-wear  finish  is  applied.    It  was  known  that  rayon,  which  has  less  cr ystallinity 
than  cotton,   could  be  crosslinked  witliout  loss  in  strengtli  and  also  that  the  strength 
of  most  synthetic  fibers  is  due  to  molecular  orientation.     Therefore,   we  initiated 
research  to  reduce  cr  ystallinity  and  to  increase  molecular  orientation  of  cotton. 

Cotton  was  decrystallized  to  an  extent  with  mercer izing- strength  sodium 
hydroxide  solution;  then  while  highly  swelled  it  was  stretched  to  better  align  the 
molecules  within  the  fiber.     We  refer  to  this  aligning  as  molecular  orientation. 
Treated  cotton  fabric  or  yarn  looks  and  feels  like  regularly  mercerized  cotton. 
However,   the  stretched  cotton  does  not  lose  as  much  strength  when  treated  with 
crosslinking  agents  to  impart  wash-wear  properties. 

If  yarns  are  swelled  and  stretched  and  then  woven  and  treated  with  a  cross- 
linking  agent,  about  90  to  100%  tear  and  tensile  strengths  are  retained.     If,  on  the 
other  hand,  we  swell  and  stretch  woven  fabric,   the  process  is  not  so  effective, 
permitting  retention  of  about  70  to  80%  strength.    However,   both  types  are  an  im- 
provement over  what  has  been  possible  in  the  past.     Treatment  of  fabric,  of  course, 
would  be  more  economical  in  a  finishing  plant.     The  laboratory  processing  techniques 
have  not  been  adapted  to  finishing  plant  procedures.    Additional  research  must  be 
done,   we  believe,   so  that  the  finisher  can  utilize  the  full  benefits  of  the  development. 
Perhaps  tlie  most  significant  point  is  the  demonstration  that  wash-wear  cotton  can  be 
produced  with  the  good  strength  we  have  always  longed  for. 

Deferred  Cure  of  Wash-Wear  Finishes 


Deferred  curing,   a  premising  technique  for  wash-wear  cotton  garments  with 
flat,   unpuckered  seams  and  durable  creases  is  realized  by  applying  a  crosslinking 
agent  to  yard  goods  and  curing  after  the  garments  have  been  fabricated.    Some  of 
the  variables  have  been  studied  (4).    Dimethylol  ethyl  carbamate  (DMEC)  (5,6,7)  is 
particularly  suitable  for  the  process. 

Application,    In  a  typical  study,   desized,   scoured,  and  bleached  80  x  80  cotton 
print  cloth  was  impregnated  with  10  and  15%  (by  weight)  solutions  of  DMEC  containing 
magnesium  chloride  catalyst  (3.  0  and  5.  0%  MgCl^.  6H2O,  on  weight  of  solution)  and 
dried  atl40°F.  for  7  minutes.    After  0  to  180  days  at  70  °F.  and  65%  relative 
humidity,   samples  were  cured  at  320  °F.  for  3  minutes.     To  determine  the  necessity 
of  a  wash  after  curing,  one -half  of  each  sample  was  washed  immediately  and  the 
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otiier  stored  anotlier  45  days  before  tlie  afterwash. 


Results.  Properties  of  treated  fabrics  are  given  in  Table  1.    Durability  of  the 
finish  witli  the  conventional  laboratory  procedure  (pad,  dry,  cure,  and  wash  im- 
mediately) is  illustrated  by  the  sample  cured  with  no  time  delay  and  afterwashed. 


Table  1.  --Properties,   before  and  after  laundering,  of  fabrics  finished  with 
15%  dimethylol  ethyl  carbamate  (DMEC). 
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^  The  untreated  fabric  breaking  strength  was  45.  5  (W)  pounds;  the  crease 
recovery  angle  was  188  (W+F)  degrees. 


Crease  recovery  was  slightly  reduced  by  multiple  laundering,  with  tumble  drying 
between  cycles,  but  remained  essentially  constant  after  the  fifth  cycle.  Although 
there  was  a  small  loss  of  nitrogen  and  formaldehyde  upon  laundering,  fabric  prop 
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erties  still  were  excellent.    Delay  of  curing  for  60  days  or  more  reduced  the  amount 
of  bound  finish  (about  50%  in  180  days)  as  judged  by  nitrogen  and  formaldehyde 
contents.     The  amounts  retained  are  stable  after  about  IZO  days.    However,  the 
finish  remaining  was  sufficient  to  impart  properties  similar  to  those  of  samples 
cured  by  the  conventional  procedurco    Laundering  did  not  seriously  affect  crease 
recovery  or  breaking  strength  of  samples  cured  after  storage.     The  slightly  greater 
loss  in  strengtli  due  to  chlorine  damage,  when  curing  was  deferred  for  180  days, 
should  not  significantly  reduce  serviceability. 

Since  residual  catalyst  causes  hydrolytic  degradation  of  many  finishes  even  at 
room  temperature  over  a  prolonged  period,   the  effect  of  45  days'  delay  before  the 
afterwash  was  determined.    As  in  Table  1,   samples  with  delayed  wash  exhibited 
properties  equivalent  to  those  of  fabrics  washed  immediately.    Furtlier,   tliis  equiv- 
alence was  not  lost  upon  repeated  laundering. 

Samples  of  the  finished  fabrics  also  were  subjected  to  30  minutes'  hydrolytic 
treatiTient  at  104  °F.  at  pH's  from  1  to  13.  5.     Crease  recovery  is  very  little  affected 
at  pH's  above  about  3.    A  moderate  loss  of  crease  recovery  angle,  about  15%, 
occurred  at  the  lowest  pH.     The  high  resistance  to  acid  hydrolysis  of  the  carbamate 
finish  is  evident  (4).     The  stability  of  the  finishes  obtained  by  deferred  cure  appears 
to  be  only  slightly  lower  than  that  of  conventionally  finished  fabric.    Only  at  very  low 
pH  was  there  a  noticeable  effect  on  crease  recovery.    Alkaline  stability  was  very 
good  in  all  cases. 

The  excellent  properties  after  storage  and  durability  toward  launderings  suggest 
that  one  could  obtain  a  satisfactory  finish  after  periods  up  to  and  possibly  greater 
than  six  months  by  using  DMEC  in  deferred  curing.    Because  of  the  good  acid 
stability  of  the  carbamate  cross  link,   it  is  possible  to  omit  the  wash  after  curing 
without  greatly  affecting  the  finisli. 

Majo^  Approaches  to  Stretch  Yarns  and  Fabrics  (8,  9,  10) 

This  section  summarizes  research  on  all- cotton  stretch  yarns  and  fabrics. 
Stretch  goods  made  by  slack  mercer ization  of  woven  fabrics  are  gaining  commercial 
acceptance,  mainly  for  apparel. 

Heat-set  thermoplastic  yarns.   Cotton  does  not  have  tlie  tiiermoplastic  properties 
of  nylon  and  other  synthetic  fibers  and  cannot  be  durably  set  by  methods  suitable  for 
thermoplastic  fibers.    However,   chenaical  modification  gives  derivatives  that  can  be 
set  by  conventional  processes.    Ether  forjnation  is  most  efficient  for  conferring 
plasticity.  Esterif ication  (11)  is  also  satisfactory  but  requires  a  higher  degree  of 
substitution  (DS).     Li  either  case,  thermoplasticity  depends  on  DS  and  bulkiness  of 
the  substituent  group.    Benzyl  etlier  derivatives  have  adequate  thermoplasticity  at 
DS  0.  Z5  to  0.  5,   whereas  acetate  esters  need  a  DS  of  1.  5  to  2.  0.    Graft  polymeriza- 
tion also  imparts  thermoplasticity.     In  tiiis  case  flow  behavior  is  somewhat  different 
from  that  given  by  siiTiple  substitution,   but  it  enables  the  yarn  to  be  set  by  heat.  In 
addition,  grafting  itself  tends  to  fix  or  set  yarn.    Accordingly,   stretch  properties 
are  obtained  witliout  heat  setting  when  grafted  yarns  are  uptwisted  or  backtwisted. 
Grafting  of  10  to  15%  of  polyacrylonitr ile  or  polymethyl  metliacrylate  is  effective. 
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All  of  these  chemically  modified  cottons  have  been  set  by  various  techniques, 
especially  in  conjunction  with  falsetwisting,  uptwisting,  or  use  of  a  stuffer  box. 
Yarns  have  been  made  with  nearly  Z00%  stretch.    Tensile  strength  is  usually  de- 
creased by  chemical  modification,  then  further  impaired  by  setting.     The  final  yarn 
strength  is  typically  about  50  to  80%  of  the  original;  optimum  conditions,  however, 
have  not  yet  been  established. 

Crosslinked  yarns.    Crosslinking  cotton  cellulose  tends  to  set  the  fiber  in  its 
existing  configuration.     This  effect,  upon  which  wash-wear  properties  depend,  is 
also  useful  for  imparting  crimp  and  twist,  which  contribute  stretch  properties  to 
yarns.    Bro\ra,  Ruppenicker,  and  their  associates  (12,13)  have  developed  processing 
techniques  for  stretch  yarns  from  crosslinked  cotton  by  backtwisting  and  false- 
t%visting.    Yarns  for  either  process  are  first  scoured,  mercerized  (if  desired),  and 
bleached  or  dyed. 

Backtwisting.    In  the  backtwisting  process,  highly  twisted,  plied  yarn  is  im- 
pregnated with  a  crosslinking  agent,  catalyst,  and  modifying  agents,  and  then  dried 
and  cured  at  elevated  temperature.    The  set  yarn  is  then  untwisted  past  neutral  ply 
tv-'ist.    In  our  work,  plied  yarns  of  various  sizes  up  to  four  plies  have  been  used, 
but  most  often  24/2  yarns  with  Z  twist  in  the  singles  and  plied  with  24  turns  per  inch 
of  Z  twist.     The  highly  twisted,  plied  yarns  are  wound  on  laminated  dye  tubes  to 
about  1.  2  pound  packages,  which  are  then  wet  out  with  an  aqueous  crosslinking  formu- 
lation in  a  package  dyeing  machine.    Wet  pickup  is  reduced  to  about  60%  by  centri- 
fuging.    The  packages  are  then  dried  and  cured  in  about  five  minutes  (drying  takes 
about  80%  of  this  time)  in  a  10-kilowatt  dielectric  oven.    The  cured  yarns  are  washed 
in  the  package  dyeing  machine  and  dried.     The  24/2  yarns  are  then  backtwisted  about 
52  turns  per  inch,  producing  final  yarns  with  about  12  turns  per  inch  of  S-ply  twist. 
Some  crosslinking  agents  and  catalysts  behave  differently  in  setting  yarns,  for 
either  backtwisting  or  falsetwisting,  than  in  the  pad,  dry,  and  cure  process  for  wash- 
wear  fabrics.    Methylol  derivatives  of  triazines  or  ethylene  urea  are  suitable  with 
zinc  nitrate  as  catalyst.    An  add-on  of  2  to  4%  is  preferred. 

Falsetwisting.   For  falsetwisting,  ordinary  plied  yarns  moistened  with  a  solution 
of  a  crosslinking  agent  are  passed  through  a  falsetwisting  machine  at  a  rate  and 
temperature  permitting  reaction  between  the  cellulose  and  crosslinking  agent.  Again, 
24/2  yarn  has  been  mainly  used  in  our  work.    Excellent  results  are  obtained  from 
such  yarn  with  14  turns  per  inch  of  S-ply  twist,  falsetwisted  about  44  turns  per  inch 
in  the  Z  direction.    The  yarn,  wet  out  in  an  aqueous  solution  of  the  crosslinking  agent 
and  catalyst,  can  go  immediately  into  the  heating  chamber  of  the  falsetwister.  The 
chamber  is  short;  therefore,  a  very  high  temperature  is  needed  to  dry  and  cure  the 
yarn  in  two  seconds  or  less.    About  200°  C.  suffices  to  cure  yarn  moving  at  20  yards 
per  minute.    Again,  about  3%  add-on  of  the  crosslinking  reagent  is  desirable. 

Properties  of  stretch  yarns  and  fabrics  made  by  crosslinking.    In  either  technique, 
the  most  important  condition    governing  elongation  and  recovery  is  that  the  yarn  be 
adequately  set  while  it  is  highly  twisted.     The  durability  of  the  stretch  property  de- 
pends directly  on  durability  of  the  crosslinking.     The  set  yarns  appear  as  helical 
coils.     Compactness  depends  largely  on  the  initial  number  of  ply  turns  per  inch  and 
amount  of  reverse  twist.    However,  too  much  reverse-ply  twist  restricts  the  yarns 
from  contracting  properly.     In  general,   stretch  increases  slightly  with  increasing 
single-yarn  twist.    Openness  or  bulk  of  the  textured  yarn  is  affected  by  the  initial 
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singles  twist  and  tJie  amount  of  reverse-ply  twist, 
best  conditions  are  readily  extended  Z00%  or  nnore 
is  generally  about  half  that  of  the  original  yarn. 


Stretch  yarns  made  under  the 
and  recover  well.     Their  strength 


Fabrics  woven  from  crimped,   crosslinked  yarn  elongate  as  much  as  100%  at 
break  and  have  more  than  50%  easy  stretch.     We  measure  easy  stretch  as  the 
elongation  caused  by  a  two-pound  pull  on  a  one-inch  strip.     The  elongation  is  greatly 
influenced  by  thread  count.    For  example  in  a  filling  stretch  fabric,  elongation  of  a 
two-inch  strip  with  a  two-pound  weight  decreased  from  about  48%  to  about  30%  and 
again  to  about  Z0%  when  the  warp  ends  per  inch  were  increased  successively  from 
80  to  100  and  finally  to  IZO. 

Recovery  from  extension  by  static  loads  depends  on  amount  of  the  load,  time 
applied,  and  time  allowed  for  recovery.    In  the  case  of  the  fabric  mentioned  above 
with  the  warp  count  of  80  ends  per  inch  of  nonstretch  cotton  yarn  and  Z4/Z  crimped, 
crosslinked  fill,  when  a  two-inch  strip  was  loaded  (in  the  fill  direction)  with  0.  5 
pound  for  an  hour,   recovery  one  minute  after  the  load  was  removed  was  79%;  with 
a  two-pound  load  recovery  was  74%.    When  the  two-pound  load  was  left  for  four  hours 
the  1-minute  recovery  was  66%.    But  when  a  two-pound  load  was  applied  for  an  hour 
and  an  hour  for  recovery  was  allowed,  recovery  was  87%.    Even  after  prolonged 
static  loading,  the  original  dimensions  are  readily  restored  by  washing  and  drying. 

Slack  mercer izatlon  of  yarn.    When  cotton  is  mercerized  without  tension  it 
becomes  a  "new  cotton  fiber.  "    The  internal  order  of  structure  and  crystalline  con- 
tent decrease.      Surface  roughness  increases.    The  fiber  contracts  and  the  cross 
section  becomes  more  circular  and  increases  in  area.    Density  decreases.  The 
fiber  can  be  elongated  farther  before  breaking.    It  absorbs  more  water  and  has  a 
greater  affinity  for  dye.    Many  of  these  changes  occur  to  a  different  degree  when 
cotton  Is  mercerized  under  tension.    Other  changes  are  seen  only  In  slack  mercerl- 
zation. 

The  elongation  obtained  in  a  yarn  or  fabric  Is  directly  proportional  to  the  sum 
of  the  original  elongation  and  shrinkage  permitted  daring  mercer  izatlon.  Maximum 
shrinkage  during  tenslonless  mercerlzatlon  is  between  15  and  19%.  Slack-mercerized 
yarns  shrink  further  to  an  extent  increasing  with  yarn  twist.    For  example,  low 
twist  40/1  yarn  (3.  0  TM)  shrinks  about  40%,  while  high  twist  singles  yarn  (55  TM) 
shrinks  about  70%.    (TM;    twist  multiplier,   a  parameter  defining  the  angle  of  twist 
Independently  of  yarn  thickness.     Turns  per  Inch  =  (yarn  count)!  x  TM.  )  Shrink- 
age of  reverse  plied  yarns  also  increases  with  twist,   but  its  amount  and  rate  oi 
Increase  are  less,  apparently  because  of  the  removal  of  singles  twist  during  plying. 

Mercerlzatlon  of  skeins  Is  uneconomical  because  of  the  added  costs  of  winding 
and  rewinding.     Continuous  processing,  as  of  beam  or  ball  warp,  would  be  preferable 
but  unless  essentially  tenslonless  conditions  can  be  maintained,   shrinkage  and 
stretch  properties  Imparted  by  mercerlzatlon  will  be  lost  during  washing  and  drying. 

Fabric  Processes 

Slack  merce_r lzatj.on  of  woven  fabrics:  techniques.  Fabrics  can  be  processed  for 
filling  stretch  on  a  chain  mercerizing  machine  or  ot±ier  equipment,  such  as  an  open- 
width  washer,  which  allows  adequate  filling  shrinkage.    The  sodium  hydroxide 
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concentration  should  be  at  least  23%.    At  lower  concentrations,  lower  temperatures 
(to  0  *"  C.  )  should  be  used.    Fabric  is  padded  through  the  caustic  at  a  rate  allowing 
adequate  shrinkage.    In  general,  the  solution  should  be  in  the  fabric  for  at  least  a 
minute  before  washing.    For  best  results,  washing  is  not  done  on  the  chain  mer- 
cerizing machine,  but  washing  and  scouring  can  be  done  in  a  series  of  boxes.  This 
procedure  allows  more  reaction  time  with  the  caustic  and  prevents  stretching  the 
filling  from  weight  of  water  in  unsupported  fabric.    Washing  at  or  near  the  boil  is 
more  effective  than  at  lower  temperatures.    Fabric  can  be  dried  on  cans  or  on  a 
tenter  drier. 

For  best  filling  stretch  properties,  warp  is  not  allowed  to  shrink  during 
processing.    For  example  printcloth,  sheeting,  and  osnaburg  were  processed  at 
constant  warp  length  and  also  with  warp  allowed  to  shrink  and  then  re  stretched  to 
original  length  during  washing.    The  breaking  strength  of  corresponding  samples 
were  about  the  same.    However,  fabrics  mercerized  at  constant  warp  length 
stretched  more  easily  in  the  fill  direction,  recovered  more  completely,  and  had 
higher  elongation  at  break. 

Crosslinking  agents  may  be  applied  to  slack-mercerized  fabrics  having  filling 
stretch  by  the  conventional  pad,  dry,  and  cure  technique.    A  small  loss  in  filling 
stretch  properties  usually  results  because  the  fabric  should  be  dried  about  2  to  3% 
wider  than  its  shrunken  width  for  smoothness  and  less  strength  loss  due  to  cross- 
linking. 

Fabric  structure  .  The  discussion  of  yarn  treatment  suggests  that  fabrics  to  be 
slack  mercerized  should  contain  high  twist  singles  or  plied  yarns.    This  is  true; 
but  when  yarn  is  woven  into  fabric,  high  twist  is  less  efficient  in  bringing  about 
shrinkage  because  of  the  constraints  provided  by  the  fabric  structure.  Nevertheless, 
slack-mercerized  fabrics  made  with  high-twist  yarns  have  the  best  recovery  and 
resistance  to  abrasion  and  tearing.    To  obtain  maximum  filling  stretch,  construc- 
tion should  be  loose  enough  to  allow  as  much  filling  shrinkage  as  possible.    The  best 
results  are  obtained  by  decreasing  the  number  of  warp  yarns  per  inch  and  using 
smaller  filling  yarns  than  warp  yarns.    The  small  filling  yarns  tend  to  bend  around 
the  larger  warp  yarns  during  mercerization,  acquiring  a  good  crimp,  important  for 
good  recovery.    When  the  filling  yarns  are  larger,  they  accept  less  crimp  and  there- 
fore recover  less  completely.    A  limited  amount  of  two-way  stretch  fabric  is 
produced  commercially. 

Properties  of  slack-mercerized  fabrics  with  filling  stretch.  When  a  fabric  is 
slack  mercerized  to  give  filling -stretch  properties,  the  usual  20  to  30%  filling 
shrinkage  results  in  a  corresponding  increase  in  warp  thread  count  and  fabric 
weight.    The  warp  and  filling  breaking  strengths  per  thread  are  about  the  same  as 
before  treatment.    Tearing  strength  is  also  usually  unchanged,  except  that  it  will 
be  increased  by  use  of  a  softener  after  mercerization.    FlexTabrasion  is  improved 
by  100  to  400%,    Wet  and  dry  crease  recovery  is  also  improved,  but  a  crosslinking 
agent  must  be  applied  if  smooth  drying  and  crease  resistance  are  wanted. 

Most  fabrics  of  conventional  weave  have  similar  filling  stretch  properties  after 
slack  mercerization.    Elongation-at-break  is  40  to  60%;  the  stress  needed  to  extend 
the  fabric  20%  is  usually  less  than  four  pounds  per  inch  width;  growth  after  10  cycles 
at  20%  elongation  is  generally  4  to  6%.    The  amount  of  wash-wear  finish  needed  is 
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usually  a  little  more  than  would  be  necessary  on  an  ordinary  cotton  fabric  to  give 
the  same  wash-wear  rating.     The  finish  also  produces  a  very  stable  fabric  in  that 
growth  after  static  loading  and  laundering  is  less  than  1%. 

The  amount  of  stretch  and  recovery  needed  differs  for  various  end  uses.  About 
12  to  15%  easy  stretch  with  80%  or  better  recovery  appears  adequate  for  many  ap- 
parel uses  to  permit  easy  movement  and  give  a  confortable,  well  fitting  garment. 
When  all-cotton  stretch  fabrics  were  compared  with  fabrics  having  synthetic-fiber 
stretch  filling  of  textured  nylon  or  Dacron,   the  degree  of  easy  stretch  was  found  to 
be  very  similar.    Growth  after  static  extension  was  greater  than  after  cyclic  loading. 
One  of  three  cotton  fabrics  tested  had  growth  values  comparable  to  those  of  synthetic- 
fiber  fabrics. 

Costs.    Total  operating  costs  for  fabrics  with  filling  stretch  are  estimated  to  be 
about  1.  6  cents  per  square  yard,  and  two-way  stretch  about  5.  4  cents  per  square 
yard  (14).     These  figures  include  direct  costs,   indirect  costs,  fixed  costs,  and 
general  expenses  based  on  annual  production  of  20  million  yards  of  filling- stretch 
and  5  million  yards  of  two -way -stretch  fabrics. 

Slack  mercer ization  of  knit  goods.     All-cotton  stretch  hose  (15)  have  been  pro- 
duced experimentally  by  slack  mercerization.     The  hose  are  very  loosely  knit  about 
twice  the  normal  length,   but  with  the  normal  number  of  courses,   on  a  cylinder 
about  25  to  30%  narrower  than  usual,  as  there  is  little  or  no  shrinkage  in  width. 
Slack  mercerization  is  followed  by  bleaching  and  dyeing.    A  soft  hand  is  obtained  by 
using  low-twist  yarns  from  long-staple  cotton,   by  mercerizing  in  15%  instead  of  23% 
caustic,  and  by  applying  a  softener  after  dyeing.    Experimental  hose  have  retained 
good  dimensional  stability  and  stretch  properties  after  more  than  40  wearings  and 
launderings.    All-cotton  stretch  hose  are  now  available  commercially. 
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Discussion  of  Mr.  Reeves'  Report 

Question:  Is  the  abrasion  resistance  of  all-cotton  stretch  socks  satisfactory? 
Reeves:      Results  of  abrasion  testing  of  socks  are  not  yet  available.    The  abrasion 
resistance  of  other  cotton  stretch  fabrics  suggest  that  the  socks  will  be  satisfactory. 

Question:  Are  the  carbamate  esters  recommended  for  delayed  cure  finishing  because 
they  give  better  cros slinking ? 

Reeves:      No.    Their  merit  is  rather  in  the  stability  of  the  treatment  to  laundering 
and,  of  course,  to  the  fact  that  satisfactory  curing  can  be  obtained  even  after  as  long 
as  s  ix  months . 


INHIBITION  OF  YELLOWING  OF  MOIST  GREASE  WOOL 

Clay  E.  Pardo 
Wool  and  Mohair  Laboratory,  USDA,  Albany.  California 

Moisture  in  grease  wool  has  long  been  suspect  as  a  cause  of  discoloration  and 
loss  of  strength.    Much  evidence  associates  these  changes  with  microbial  activity. 
For  example,   certain  fungi  and  bacteria  are  reported  to  discolor  and  degrade  wool 
(1.  2).    Wool  containing  about  40%  moisture  can  support  growth  of  bacteria,  while  a 
content  of  about  25%  suffices  for  fungi  (3).    Thus  at  25°  C.  wool  adsorbs  enough 
water  at  about  95%  relative  humidity  to  supporf  fungal  growth.    Although  association 
of  microbial  growth  with  yellowing  is  significant,   it  is  also  claimed  that  high  suint 
alkalinity  leads  to  yellowing  (4).    In  either  case,  one  factor  required  for  yellowing  is 
wate  r . 

Moisture  accelerates  yellowing.    To  collect  information  on  the  effect  of  moisture 
content  oFgrease  wool  on  rate  and  extent  of  yellowing,  water  was  added  to  500-gram 
samples  to  give  adjusted  regain  moisture  contents  of  10  to  40%.    The  samples  were 
sealed  in  polyethylene  bags  and  stored  for  6  months  at  95  "F.    Subsamples  weighing 
about  10  grams  were  withdrawn  periodically,   scoured,   carded,   and  their  reflectance 
and  color  measured  with  the  Gardner  Automatic  Color  Difference  Meter  (5).  The 
moisture  content  of  duplicate  subsamples  was  checked  by  oven-drying  at  105°  C.  for 
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2  hours.     The  course  of  the  yellowing  is  shown  in  Figure  1,   in  which  the  Hunter  "b" 
value,  which  measures  yellowness,   is  shown  as  it  changes  with  time.     The  result 
is  clear.    Grease  wool  with  the  most  moisture  shows  the  greatest  yellowing,  even 
though  moisture  content  had  dropped  to  31%  in  six  months.    Note  that  measurable 
(and  visible)  yellowing  occurred  within  a  day  or  two  in  samples  containing  30  and  40% 
water.    By  six  months  these  showed  heavy  growth  of  fungi. 


0         4         8  12         16        20  24 

TIME  OF  AGING  AT    95  °F,  WEEKS 

Figure  1:    Yellowing  of  grease  wool  at  regain  moisture  contents 
of  10,   ZO,   30,  and  40%,   stored  in  polyethylene  bags  at 
95  °F.    Numbers  to  the  right  of  each  curve  represent 
the  final  regain  moisture. 


Formaldehyde  inhibits  yellowing.     To  test  whether  biological  activity  is  indeed 
important  for  yellowing,  formaldehyde,  a  well-known  germicide,  was  applied  to 
moist  grease  wool  both  as  a  solution,   by  spraying,  and  in  the  form  of  powder  by 
dusting.    A  concentration  of  1%  paraformaldehyde  completely  inhibited  yellowing  for 
three  months  (Figure  2).    After  three  months,  protection  was  incomplete  and  the 
wool  began  to  yellow.     By  the  end  of  six  months  the  "b"  value  had  increased  ap- 
proximately 35%;  in  the  absence  of  formaldehyde  it  doubled. 

Yellowing  is  associated  with  microbial  growth  and  grease  or  suint  components. 
The  mechanism  of  formaldehyde  was  explored  as  follows,    A  blended  64s  grease 
wool  was  desuinted  by  rinsing  with  hot  water  and  the  grease  extracted  with  Stoddard 
solvent.     The  grease  and  suint  were  saved.     Part  of  the  clean  wool  was  sprayed  with 
5%  aqueous  formaldehyde  to  give  a  content  of  1.  5%  formaldehyde  and  30%  water.  The 
treated  wool  was  sealed  in  a  polyethylene  bag  and  kept  overnight  at  95  °F.  Next 
morning  it  was  thoroughly  rinsed  with  warm  water.    Grease  and  suint  were  then 
added  back  to  portions  of  both  untreated  and  treated  cleaned  wool  in  the  same  pro- 
portion as  originally  present.    Water  to  30%  weight  uptake  was  added  to  each 
sample:    formaldehyde  -  treated  and  untreated,   both  scoured  and  with  restored  grease 
and  suint.     The  samples  were  sealed  in  polyethylene  bags  and  kept  at  95  °F. 
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0  4  8  12         16         20        24  28 

TIME  OF  AGING,  WEEKS 

Figure  Z:    Effect  of  paraformaldehyde  added  to  grease  wool 

at  30%  regain  and  stored  in  polyethylene  bags  at  95  °F. 

Reflectance  and  color  were  measured  after  one  and  eight  weeks,  and  in  addition, 
bacterial  counts  were  made  on  samples  prepared  as  follows.    Three-gram  portions 
of  wool  were  weighed  out,   suspended  in  100  ml.  of  0.1%  Peptone  broth,  homogenized, 
serially  diluted  on  Trypticase  soy  agar  and  incubated  two  days  at  28°  C. 

After  eight  weeks,   both  formaldehyde  -  treated  and  untreated  greasy  samples 
with  30%  moisture  were  yellower  than  control  wool  kept  at  low  moisture;  however, 
the  formaldehyde-treated  sample  was  less  yellow.     Correspondingly,   the  bacterial 
count  in  the  treated  sample  was  a  thousandfold  less  than  in  the  untreated  sample. 
On  the  other  hand,  no  yellowing  occurred  in  the  untreated  scoured  sample  containing 
30%  moisture,   even  though  its  bacterial  count  was  as  high  as  in  the  untreated  sample 
containing  grease  and  suint.     It  appears  (Table  1)  that  growth  of  microorganisms 
does  not  necessarily  lead  to  yellowing,   but  that  some  component  or  components  of 
grease  or  suint  are  also  needed.     The  results  also  suggest  that  the  treated  wool 
retains  some  antibiotic  activity,   as  if  it  were  releasing  retained  formaldehyde  in 
spite  of  the  water  rinse.  ^ 

Formaldehyde  inhibits  heating.    In  the  foregoing  experiments,   the  ambient 
temperature  was  95  °F.    Because  of  the  ease  of  diffusion  of  heat  from  small  samples, 
it  is  unlikely  that  their  temperature  rose  much  higher.    However,   the  heat  generated 
in  the  center  of  a  moist  pile  or  bale  of  wool  (6,  7),   comparatively  much  better 
insulated,   introduces  a  new  factor.    Experiments  were  undertaken  to  test  the  possible 
inhibitory  effect  of  formaldehyde  on  yellowing  under  these  conditions. 

Three  bales  of  blended  grease  wool  were  made  up  as  follows:    (a)  30  lbs.  of 
water  was  mixed  with  100  lbs.  of  wool;  (b)  30  lbs.  of  water  and  1  lb.  of  paraformalde- 
hyde were  added  to  a  second  100  lbs.  of  wool;  (c)  one  lb.  of  paraformaldehyde  was 
added  to  a  third  100  lbs.     The  three  lots  were  baled  separately.     The  bale  dimen- 
sions were  3x2x1-1/2  feet.    At  the  time  of  baling,  the  sensing  tip  of  a 
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Table  1.  --Dubois  wool  (64s)  desuinted  and  degreased. 


Micro-  Micro- 
organisms organisms 
per  gram  per  gram 

Rd  b        dry  wool  Rd  b_        dry  wool 

Control  (original,  7 
scoured)  ^3.  2       10.2  5.9x10 

 One  week  aging   Eight  weeks  aging 

Treated  with  1.  5%  HCHQ  overnight  at  35  °  C.  ,   then  washed. 
Added  back  grease 

and  suint                     60.2       10.0         l.ZxlO'^  64.3       10.1  3.6x10^ 
12%  H^O 
Added  back  grease 

and  suint                     59.1       11.3        <  1000  61.8      12.3         3.5x  10^ 

+30%  H^O 

No  grease  or  suint                                                o  -> 

+  30%                            ^^-"^        "^'^         -4x10^  63.1        9.2  <2.7xl0^ 

Not  treated  with  HCHQ 

Added  back  grease 

and  suint  61.4      10.6         2.1x10'^       64.2       10.1  1.9x10^ 

-12%  H^O 


Added  back  grease 
and  suint 
+30%  H2O 


and  suint  57.3       13.6         2.4x  10^       58.5       15.2         9.5x  10^ 


No  grease  or  suint  4  / 

+  30%  H^O  ^^''^  ^         5.3x  10         63.0        9.6         4.4x  10*^ 


Yellow  Springs  Telethermometer  (model  44TC)  was  buried  in  the  center  of  the  bale 
so  that  temperatures  could  be  recorded  during  the  experiment.     The  bales  were  also 
sampled  by  coring    periodically.     The  moisture  contents  and  colors  of  samples  from 
the  centers  of  bales  were  determined. 

Figure  3  compares  the  temperatures  of  the  wools  baled  wet  with  and  without 
paraformaldehyde.    A  peak  of  100  °F.  was  recorded  in  the  moist,  untreated  bale 
five  days  after  the  start.     The  treated  bale  required  a  month  to  reach  its  peak  of 
86  °  F.     The  corresponding  increases  in  yellowness  and  loss  of  moisture  for  the 
moist,  untreated  bale  are  shown  in  Figure  4,  as  measured  at  the  center  of  the  bale. 
Yellowing  and  temperature  are  plotted  as  percentage  change  from  initial  values, 
moisture  as  the  percentage  regain  based  on  the  dry,  greasy  weight.  Yellowness 
and  temperature  rise  together  initially.    The  rate  of  yellowing  falls  off  again  as 
temperature  returns  to  initial  value  and  moisture  content  decreases. 
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gure  3:    Effect  of  formaldehyde  on  temperature  rise  of 

baled  grease  wool  initially  containing  over  40%  water. 


TIME  OF  AGING,  WEEKS 


Figure  4:    Onset  of  yellowing  and  temperature  changes  in 

baled  grease  wool  initially  containing  4Z%  water. 
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Figure  5 


The  bale  of  wet  wool  treated  with  paraformaldehyde  behaves  somewhat  dif- 
ferently (Figure  5).     There  is  no  measurable  increase  in  temperature  or  yellowness 
for  a  week  after  baling.     Thereafter  temperature  and  yellowness  increase  together, 
and  again  rate  of  yellowing  falls  off  as  temperature  decreases.     The  increase  in  the 
Hunter  "b"  value  is  only  about  one-third  of  that  in  the  absence  of  the  paraformalde- 
hyde . 

Conclusions.     These  results  show  that  both  yellowing  and  the  rise  in  temperature 
in  baled  moist,   grease  wool  are  associated  with  growth  of  microorganisms.  Grease 
or  suint  is  also  necessary  for  the  yellowing  observed.    Both  heating  and  yellowing 
can  be  inhibited  by  formaldehyde,  applied  by  spraying  as  an  aqueous  solution  or  by 
dusting  in  the  form  of  paraformaldehyde.    For  maximum  protection,   the  grease  wool 
should  be  treated  as  soon  as  possible  because  significant  yellowing  can  occur  within 
two  days  in  a  mass  of  grease  wool  containing  over  Z0%  moisture. 

Acknowledgments.   I  thank  Dr.  John  Garibaldi  for  making  the  bacterial  counts 
and  Robert  Foster  for  technical  assistance. 
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Discussion  of  Mr.   Pardo's  Report 

Question:    Is  the  wool  coloration  due  to  change  in  the  wool  itself  or  is  it  due  to  a 
pigment  produced  by  microorganisms? 

Pardo:     Evidence  from  the  literature  indicates  that  the  products  of  bacterial 
metabolism  can  and  do  stain  wool.    Our  evidence  shows  that  moist  grease  wool  will 
not  discolor  if  the  microbiological  activity  is  inhibited.    It  does  not  clearly  delineate 
whether  yellowing  is  induced  by  chemical  changes  within  the  fiber  itself  or  as  a 
result  of  microflora!  staining. 

Question:    How  was  the  paraformaldehyde  applied? 

Pardo:     The  powder  was  simply  dusted  on  and  blended  into  the  wool. 

Question:    Does  fleece  wool,   shorn  and  tied,  need  to  be  opened  up  to  be  treated? 
Pardo:     Under  our  conditions  of  treatment  it  would  have  to  be  opened  up,  but 
perhaps  a  treatment  with  vapor  could  be  devised  that  would  not  require  it. 

Question:    What  was  the  packing  density  of  the  bales? 
Pardo:     About  eleven  lb/ cu.  ft. 

Note:    Processing  of  the  formaldehyde  -  treated  wools  appears  normal  except  that 
"STeTe  is  about  a  10%  hold-off  in  dyeing  with  acid  milling  or  neutral  premetallized  dyes. 


EFFECTS  OF  RADIANT  ENERGY  ON  WOOL  COLOR 

Herbert  F.  Launer 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

The  effect  of  sunlight  on  wool  color  appears  controversial.    Exposures  in 
Melbourne,  Australia  (1,  2,  3)  have  yellowed  air-dry  wool,  whereas  exposures  in 
central  Europe  (4,  5,  6),  and  elsewhere  (7)  have  produced  bleaching.     I  have  observed 
bleaching.    Similarly,  both  yellowing  (2,  3,  8,  9, 10)  and  bleaching  (9,  10)  have  been 
produced  by  similar  electrical  sources  of  radiant  energy.    I  wish  to  describe  work 
in  progress  which  I  plan  to  publish  in  detail  later.     This  work  is  intended  to  define 
the  effects  of  radiant  energy  on  wool  color  more  exactly  in  terms  of  wavelength.  It 
suggests  a  simple  explanation  for  the  reported  discrepancies. 

Effects  of  sunlight  and  its  components.    Exposures  to  sunlight  were  limited  to 
the  hours  between  9  a.m.  and  4  p.m.  to  avoid  the  ultraviolet  (UV)-deficient  spectrum 
of  early  and  late  sunshine.     The  times  ranged  from  a  few  minutes  to  about  50  hours. 
In  every  case  wool  fabric  which  had  been  exposed  to  direct  sunlight  looked  brighter 
than  unexposed  fabric  and  its  brightness  increased  with  exposure  time.  Measure- 
ment with  a  Beckman  DU  spectrophotometer  or  a  General  Electric  recording  spectro- 
photometer showed  that  the  diffuse  reflectance  had  increased  in  both  the  visible  and 
UV  regions.    There  was  no  hint  of  yellowing,  either  visually  or  instrumentally,  in 
these  experiments,   although  in  Melbourne  yellowing  occurred  immediately  and 
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persisted.     The  experiments  were  confirmed  on  other  days  and  in  other  seasons  and 
with  fabric  which  had  been  washed  and  extracted  with  various  solvents. 

When  clear,   colorless  glasses  such  as  quartz,   Corex,   Pyrex,  window  glass, 
etc.  were  interposed--or  as  an  extreme  case,  a  filter  which  transmitted  only 
visible  light,   excluding  all  UV--the  results  were  qualitatively  the  same.     In  each 
case  bleaching  occurred,  never  yellowing. 

Two  questions  arose,   therefore:    "Is  our  sunlight  deficient  in  wavelengths  which 
cause  yellowing  in  Australia?    Are  our  particular  fabrics  or  conditions  abnormal  or 
different  in  some  way  so  that  normal  sunlight  couldn't  yellow  them?"    The  following 
experiment  shows  that  the  answer  to  both  is  negative.     When  wool  fabric  was  exposed 
to  sunlight  through  a  filter  which  transmitted  only  the  UV,   the  wool  yellowed  rapidly. 
Clearly  the  UV  portion  of  the  solar  spectrum  caused  the  yellowing  and  there  was 
enough  of  it  in  Berkeley,   California,   sunlight  to  yellow  wool,   provided  the  rest  of  the 
solar  spectrum  did  not  interfere  with  or  counteract,   the  yellowing. 

Effects  of  radiant  energy  from  electric  sources.    It  is  natural  to  ask  whether 
these  previously  unobserved  effects  characteristic  of  sunlight  and  the  various  parts 
of  its  spectrum  can  also  be  achieved  with  electrical  sources.     Theoretically,  light 
from  an  electric  source  must  have  the  same  effect  as  that  from  the  corresponding 
part  of  the  solar  spectrum.    Practically,   two  factors  may  cause  spurious  differences: 
(a)  unsuspected  spectral  impurity  of  many  electrical  sources  and  (b)  excessive  con- 
vected  heat. 

For  example,   certain  types  of  fluorescent  lamp,   the  outputs  of  which  are  mainly 
in  the  visible  and  near  UV,  nevertheless  emit  enough  energy  at  313  millimicrons  to 
cause  yellowing.    Even  supposedly  similar  sources  may  show  important  differences. 
Thus  the  emission  spectra  of  electric  sources  vary  greatly  with  the  applied  voltage, 
with  solarization  of  the  glass,   or  with  electrode  deposits  on  the  glass  mantle.    As  a 
result,   a  source  which,  when  new,   causes  yellowing  may  bleach  when  the  middle  UV 
disappears  with  age. 

Sample  temperature  also  needs  to  be  controlled.    Obviously  wool  heated 
abnormally  cannot  be  presumed  to  be  undergoing  mainly  photochemical,  as  distinct 
from  thermal,   reactions.    Even  if  the  relatively  hot  source  did  not  provide  heat  by 
convection,   absorbed  radiant  energy  would  also  tend  to  raise  the  wool  temperature. 
To  combat  this  effect,   I  devised  a  flowing- wate r  cell  with  glass  windows  which  could 
be  mounted  very  close  to  a  source.     The  flowing  water  absorbed  most  of  the  infrared 
energy  and  protected  the  wool  also  from  convected  heat.     The  wool,  held  against  the 
rear  water-cooled  window  by  a  slab  of  air-cooled  aluminum,   remained  at  a  normal 
temperature  as  measured  with  a  thermojunction.    Glass  filters,  used  to  limit  the 
wavebands  of  radiant  energy  from  heterogeneous  sources  to  desired  regions,  were 
mounted  within  the  cell  in  such  a  way  as  to  be  bathed  by  the  water.     Thus  these 
filters  remained  at  water  temperature  and  breakage  and  change  in  transmission 
characteristics  were  avoided. 

When  problems  arising  from  spectral  distribution  and  heat  are  thus  avoided, 
electrical  sources  give  results  indistinguishable  from  those  caused  by  sunlight  and 
its  components.    However,   in  addition,  electrical  sources  provide  convenient  means 
of  studying  effects  of  radiant  energy  with  narrow,   well-defined  limits  of  wavelength. 
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For  example,   the  mercury  arc  spectrum  is  discontinuous.    Its  energy  is  emitted  at 
discrete,   readily  separated  wavelengths  scattered  over  the  UV  and  visible  regions. 
When  wool  was  exposed  to  the  mercury  arc  through  filter  combinations  isolating  the 
various  lines,   it  was  yellowed  in  the  middle  UV,   bleached  in  the  visible,   and  could 
be  made  to  do  both  at  365  millimicrons.    The  wool  yellowed  rapidly  at  the  outset, 
but  on  continued  exposure  the  new  yellowness  disappeared  and  the  wool  became 
whiter  than  it  was  originally.     This  wavelength  (365  millimicrons)  is  fairly  near  the 
visible  region;  it  is  therefore  interesting  that  effects  characteristic  of  either  UV  or 
visible  light  can  be  produced  by  it  by  proper  choice  of  conditions. 

This  dual  effect  is  even  more  readily  deomonstrated  with  the  carbon  arc  lamp, 
which  emits  strongly  at  389  millimicrons.     This  band  is  very  close  indeed  to  being 
visible,   and  probably  is  to  blue  -  sens  itive  eyes,  although  it  is  considered  to  be 
normally  ultraviolet.     Wool  exposed  to  this  waveband  again  first  yellowed,  then 
bleached. 

These  experiments  not  only  disclose  separate  yellowing  and  bleaching  reactions, 
but  provide  evidence  that  the  bleaching  reaction  itself  should  be  written  in  the  plural. 
That  is,  the  wool  color  is  variously  affected  by  the  different  colors  of  visible  light. 
In  each  case  bleaching,   in  the  sense  of  decreased  light  absorption,  occurs  to  the 
greatest  extent  near  the  wavelength  of  the  incident  light. 

Conclusions.     These  experiments  suggest  a  simple  explanation  of  the  hitherto 
puzzling  variability  of  the  effect  of  sunlight  on  wool  in  various  parts  of  the  world. 
The  yellowing  and  bleaching  reactions  are  probably  separate  and  distinct.  Which 
will  prevail  depends  on  the  proportion  of  UV  and  visible  light  in  the  sunlight  at  a 
given  time  and  place.    One  may  hazard  a  prediction  that  with  a  suitable  proportion 
the  effects  will  cancel  and  no  color  change  will  result.     The  various  effects  observed 
in  response  to  wavelength  clearly  indicate  the  complexity  of  wool,   consisting  of  an 
almost  infinite  series  of  absorbers,  each  responding  in  its  own  way  to  the  radiant 
energy  received. 
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ORIGIN  OF  FREE  RADICALS  IN  WOOL, 


John  J.  Windle 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

I  will  summarize  results  of  our  inquiry  into  the  character  and  origin  of  free 
radicals  in  wool.    In  a  molecularly  sophisticated  material  such  as  wool,  free  radicals 
can  and  often  do  result  from  many  causes,   such  as  mechanical  action  (for  example 
abrasion),   chemical  reaction  including  reaction  with  other  free  radicals,  heat  or 
pyrolysis,  electric  discharge,  and  irradiation  (visible,  ultraviolet,  electron,  x-ray, 
gamma-ray,  and  neutron).    As  we  shall  see,   the  radicals  are  sensitive  probes  for 
information  about  what  has  taken  place  at  the  molecular  level  in  the  fiber. 

What  is  a  free  radical?    The  easiest  way  for  me,  as  a  physicist,   to  think  of  a 
free  radical  is  as  that  little  black  dot  the  chemist  draws  in  his  chemical  formula. 
This  dot  tells  us  that  the  free  radical  is  a  molecular  fragment  resulting  from  rupture 
of  a  chemical  bond  to  give  a  system  with  an  unpaired  electron.     Consider  the  diatomic 
molecule  A:B.    Here  two  atoms,  A  and  B,  form  a  covalent  bond,   each  sharing  an 
electron  with  the  other  as  indicated  by  the  pair  of  black  dots  between  them.  This 
bond  can  break  in  at  least  four  different  ways,  as  shown  by  the  following  products: 
(1)  A:"  and  B"*",     (2)  A"*"  and  :B",     (3)  A-  and  •  B,    and  (4)  A"*"  and  B"*"  plus  two 
electrons. 

In  the  first  two  examples,   ions  are  formed.     The  pair  of  bonding  electrons  stays 
with  either  A  or  B  to  give  a  positive  and  a  negative  ion.     Neither  of  these  is  a  free 
radical,   because  there  is  no  unpaired  electron.     In  the  third  example,  one  bonding 
electron  stays  with  each  atom.    In  this  case  there  is  no  charge  separation.  The 
atoms  are  neutral,   but  each  is  a  free  radical  because  it  has  an  unpaired  electron. 
The  fourth  example  again  illustrates  a  process  yielding  ions,   but  no  free  radicals. 

Properties  of  free  radicals.    Because  of  the  unpaired  electrons,  free  radicals 
are  usually  highly  reactive.    In  many  cases  they  are  also  highly  colored  and  they  are 
always  paramagnetic.     The  paramagnetism  arises  from  the  fact  that  an  unpaired 
electron  has  an  angular  momentum,  or  spin,   and  a  magnetic  moment.     We  use  this 
paramagnetism  to  detect  and  study  free  radicals  by  a  non-destructive,  sensitive, 
spectroscopic  technique  known  as  electron  paramagnetic  resonance,  or  as  it  is 
commonly  called,  EPR  spectroscopy  (1). 

Free  radicals  occurring  naturally  in  wool.   When  we  undertook  our  wool  study, 
one  of  the  problems  which  we  believed  might  involve  a  free  radical    mechanism  was 
yellowing.     We  knew  that  ultraviolet  (UV)  radiation  yellowed  wool  and  that  it  could 
produce  free  radicals  in  many  biological  systems.     We  therefore  undertook  to 
investigate  the  effects  of  UV  radiation  on  wool  by  means  of  EPR  spectroscopy.  Be- 
fore beginning  irradiation,  however,  we  examined  clean,  ordinary  wool  as  a  control. 
Since  we  had  nothing  to  induce  free  radicals  in  the  wool,  we  did  not  expect  to  obtain 
any  spectrum.     To  our  surprise,  we  obtained  the  spectrum  shown  in  Figure  1,  which 
is  typical  of  clean,  dry  wool  fibers  or  cloth.     We  have  here  two  spectra:    a  narrow 
line  superimposed  on  the  shoulder  of  a  broad  curve. 
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Figure  1:    Spectrum  typical  of  dry  wool  fabric  or  fibers. 


EPR  spectra  are  characterized  by  five  properties:    (1)  The  g-value  is  a  property 
of  the  radical  and  depends  upon  the  spin  and  orbital  angular  momentum  of  the  un- 
paired electron.    Almost  all  free  radicals,  except  sulfur  free  radicals,  have  g-values 
quite  close  to  that  of  the  free  electron:    2.  003.    Paramagnetic  metals  on  the  other 
hand,   are  characterized  by  a  wide  range  of  g-values.    (Z)  The  line  width  is  measured 
as  the  separation  (in  gauss)  between  points  of  maximum  slope  of  the  derivative  curve. 
(In  the  case  of  wool  we  have  an  example  of  two  lines  of  quite  different  widths.  )  (3) 
Another  property  is  the  number  of  components  associated  with  a  given  spectrum. 
(Here  each  spectrum  exhibits  only  a  single  component.  )    (4)  The  relative  intensities 
of  the  components  of  a  given  spectrum  help  to  identify  the  radical  species,    (5)  The 
separation  (in  gauss)  between  multiple  components  provides  information  about  the 
unpaired  electron  wave  function. 

In  the  wool  spectrum,   the  narrow  line  is  located  at  g  =  2.  00.     It  is  therefore  due 
to  a  free  radical.     The  broad  curve  does  not  interest  us  because  we  were  able  to 
show  from  its  g-value  and  other  considerations  that  it  is  due  to  paramagnetic  im- 
purities. 

The  discovery  of  a  naturally  occurring  free  radical  in  virgin  wool  diverted  us 
from  our  irradiation  study  until  we  tracked  down  its  source.    We  at  first  thought  that 
the  radical  arose  from  natural  irradiation  of  the  fleece  in  its  daily  exposure  to  sun- 
light.    To  test  this  idea,  we  examined  wool  which  was  covered  during  its  growth  and 
also  wool  from  sheep  grown  in  almost  total  darkness.    In  each  case  the  same  free 
radical  signal  was  found,   indicating  that  this  signal  is  not  due  to  natural  radiation. 
From  this  and  other  information  we  concluded  that  the  signal  probably  arises  from  a 
naturally  occurring  radical  formed  and  trapped  sometime  during  ke ratinization.  The 
trapping  sites  are  believed  to  be  in  the  more  crystalline  regions  of  the  fiber,  where 
the  radical  is  immobilized,   so  that  it  is  unable  to  react  with  its  environment  and  is 
therefore  reasonably  stable.    For  example,  wool  found  in  the  caves  with  the  Dead 
Sea  scrolls  still  exhibits  a  free  radical  signal  after  2000  years. 
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From  our  studies  of  the  amino  acids  of  wool  and  other  evidence  we 
believe  the  site  of  this  radical  is  the  tyrosine  amino  acid  residue.  The 
proposed  radical  has  the  structure: 


-  -  CO  -  CH  -  NH  -  - 


A  proton  has  been  removed  from  the  hydroxyl  group,   putting  an  unpaired  electron, 
the  black  dot,  on  the  oxygen  atom.    However,   the  electron  can  travel  around  the 
ring.     This  "resonance"  contributes  to  the  stability  of  the  radical  and  the  line  width 
of  the  spectrum.    Having  arrived  at  a  reasonable  explanation  for  the  occurrence  of 
the  natural  EPR  signals  in  wool,  we  returned  to  our  studies  of  UV  irradiation. 

Free  radicals  formed  in  wool  by  ultraviolet  radiation.     UV  irradiation  at  wave- 
lengths 3650A  and  2537A  produces  free  radicals  in  wool.     The  shorter  wavelength  is 
the  more  effective,   so  we  carried  out  nearly  all  our  experiments  at  this  wavelength. 
Studies  were  made  with  wool  cloth  irradiated  and  measured  at  low  temperature  and 
room  temperature,   in  air  or  vacuum.     In  addition,   the  effect  of  absorbed  moisture 
was  investigated.     UV  irradiation,  at  room  temperature,  of  wool  sealed  in  an 
evacuated  quartz  tube  gives,   after  a  few  hours'  exposure,   the  spectrum  shown  in 
Figure  Z.     In  the  absence  of  oxygen  or  water  this  spectrum  will  remain  virtually 


unchanged  for  many  months.  By  comparing  this  spectrum  with  EPR  spectra  of  UV- 
irradiated  amino  acids  found  in  wool,  we  have  shown  that  this  spectrum  is  actually 
composed  of  two  superimposed  spectra--one  due  to  a  radical  derived  from  tyrosine, 
which  contributes  a  single  large  peak  on  the  left  side  of  the  spectrum  at  g  =  2.  00,  and 
the  other,  centered  at  a  higher  g-value  due  to  a  radical  derived  from  cystine,  which 
gives  the  asymmetric  spectrum  to  the  right.  The  asymmetry  results  from  inherent 
asymmetry  in  the  g-factor  for  the  cystine  radical.  The  cystine  linkage  in  wool  is 
characterized  by  a  disulfide  bond.    Rupture  of  this  bond  results  in  two  radicals  with 


Figure  Z;  Spectrum 
produced  by  UV 
irradiation  of  wool. 
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unpaired  electrons  localized  on  the  sulfur  atoms  as  diagrammed. 

--CO-gH-NH--  --CO-9H-NH-- 

UV  irradiation  ^ 

water  and  oxygen  absent  ' 


S 

CO-fem-  -  -  -  CO-  CH-NH-  - 


I  mentioned  that  all  free  radicals  except  sulfur  radicals  have  g- values  near  Z.  003. 
The  average  g-value  for  sulfur  radicals  is  Z.  0Z5.     This  g  shift,   together  with  the 
asynnmetric  line  shape,  makes  it  easy  to  identify  radicals  associated  with  sulfur. 
This  is  how  we  know  that  in  cystine  the  disulfide  bond  breaks  to  give  the  observed 
radical  and  that  this  radical  is  formed  in  wool. 


Wool  exposed  to  UV  radiation  in  vacuo  has  another  interesting  characteristic: 
it  turns  green.     The  color  is  stable  for  many  months  in  the  absence  of  air  or  water. 
Exposure  to  air  or  water  vapor  causes  the  green  color  to  disappear,  leaving  a 
typically  yellow  wool.     We  have  followed  the  changes  in  both  the  EPR  spectrum  and 
color  at  various  relative  humidities  and  find  a  close  correlation  between  the  disap- 
pearance of  the  green  color  and  the  disappearance  of  the  cystine  portion  of  the 
spectrum.    Further  evidence  linking  the  green  color  to  the  cystine-free  radical 
comes  from  reflectance  measurements  comparing  the  color  of  green  wool  with  that 
of  UV- irradiated  cystine,   itself.    Figure  3  shows,  for  comparison,  the  reflectance 
spectra  of  ordinary  wool,  dry  wool  which  has  been  irradiated  and  has  turned  green, 
and  irradiated  cystine,  which  appears  blue.     Both  the  irradiated  wool  and  the 
irradiated  cystine  show  a  characteristic  dip  in  the  orange  part  of  the  visible  spectrum 
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Figure  3:  Spectra  for  ordinary  wool,   irradiated  wools, 
and  cystine. 
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which  causes  the  cystine  to  appear  blue.    However,  the  wool  actually  appears  green 
because  it  has,   in  addition,  an  underlying  yellow  color.     The  corresponding  absorp- 
tion bands  in  the  orange  show  that  the  blue  component  of  the  green  wool  arises  from 
cystine.     The  simultaneous  disappearance  of  this  band  and  of  the  cystine  radical 
with  moisture  absorption  strongly  suggests  that  the  blue  color  component  is  due  to 
a  free  radical  derived  directly  from  cystine. 

The  yellow  color  that  persists  after  the  green  has  vanished  is  not  due  to  a  free  i 
radical.     This  is  shown  by  the  fact  that  when  wool  is  exposed  to  high  humidity,  all 
the  induced  EPR  signals--hence  all    the  free  radicals  - -vanish,   but  the  yellow  color 
remains,  as  indicated  by  the  curve  for  wool  at  93%  relative  humidity.     There  is  also 
no  correspondence  between  the  amplitude  of  the  natural  EPR  signal  in  wool  and  the 
degree  of  yellow  discoloration  among  different  fleeces.     We  conclude,   therefore,  that 
although  wool  yellowing  can  be  caused  by  radiation,  the  yellow  product  is  not  a  free 
radical,  although  it  results  from  radiation- induced  chemical  reactions. 

Free  radicals  formed  in  wool  by  mechanical  action  (Z).  Dr.  Lundgren  originally 
suggested  that  free  radicals  might  be  detected  in  mechanically  damaged  wool.  To 
investigate  this  possibility,  we  ground  wool  in  a  dry  nitrogen  atmosphere,  using  a 
Wiley  mill,  to  pass  a  60-mesh  screen.     The  EPR  spectrum  of  this  wool  immediately 
after  grinding  is  shown  in  Figure  4  (part  b)  together  with  the  natural  spectrum 
before  grinding  (part  a).     The  strong  signal  resulting  from  grinding  is  different  from 
that  obtained  by  UV  irradiation,    Suprisingly  enough,  however,   this  spectrum  is 
identical  with  that  of  wool  which  has  been  exposed  to  high-energy  radiation  such  as 
X-rays  or  gamma  rays.    If  air  is  now  let  into  the  sample,   the  double  peak  at  g-Z.  00 


disappears  and  a  single  line  takes  its  place.     The  spectrum  changes  to  that  shown  in 
part  c  within  minutes.    After  prolonged  exposure  to  air  the  complex  pattern  on  the 
right  disappears  and  we  get  the  spectrum  of  part  d,  which  is  the  same  in  appearance, 
except  for  amplitude,   as  the  naturally  occurring  signal. 

These  observations  and  other  studies  lead  us  to  conclude  that  the  spectrum  of 
Figure  4,   part  b,  which  is  stable  in  the  absence  of  air  and  water,   is  composed  of 
two  superimposed  signals.    Strong  evidence  from  silk  and  other  proteins  indicates 
that  the  doublet  is  due  to  a  radical  associated  with  the  peptide  backbone  and  results 
from  removal  of  a  hydrogen  atom  from  a  glycine  residue,   as  follows: 

--CO-CH2-NH--        m.-chanical  action  ^     .  _  CO- CH- NH- -+  [H*  ] 

(water  and  oxygen  absent) 


It  is  clear  that  when  air  is  let  in,   tliis  radical  disappears  and  a  radical  stable 
to  oxygen  takes  its  place.    From  the  EPR  spectrum  and  our  earlier  results  with  UV 
irradiation  we  are  tempted  to  suggest  that  this  is  the  tyrosine  radical.     What  we  can- 
not yet  explain  is  how  the  unpaired  electron  of  the  backbone    radical,  with  the  aid  of 
oxygen,  migrates  to  a  tyrosine  residue.     The  rest  of  the  spectrum  resulting  from 
mechanical  damage  is  attributed  to  the  cystine  radical.    Even  here,   differences  show 
up  in  the  EPR  spectrum  which  depend  on  how  the  radical  was  formed.     The  differences 
are  also  evident  in  the  absence  of  green  color  from  wool  that  has  been  ground  or  ir- 
radiated with  X-rays  or  gamma  rays.     These  differences  we  believe  to  be  associated 
with  differences  in  the  orbital  of  the  unpaired  electron  on  sulfur.   Differences  in  the 
anisotropic  g-values  of  these  sulfur  radicals  support  this  hypothesis. 

Now  to  conclude,   I  will  describe  two  experiments  which  may  suggest  practical 
application.    Since  free  radicals  can  be  produced  by  mechanical  damage,  we  decided 
to  see  if  they  could  result  from  abrasion.     To  do  this,  we  ran  a  number  of  samples 
for  various  times  on  the  Stoll  Flex-abrader  and  then  obtained  their  spectra.  Figure 
5  shows  the  relation  between  EPR  signal  amplitude  and  the  number  of  abrasion 
cycles.    We  obtained  a  curve  which,  although  not  linear,   shows  a  correspondence 
between  free  radical  concentration  as  measured  by  the  amplitude  of  the  EPR  spectrum 


Figure  5:    EPR  signal  vs.  abrasion  cycles. 


79 


and  the  amount  of  damage  produced  by  abrasion.    Similarly,  Figure  6  shows  the 
results  of  a  single  experiment  for  which  we  estimated  the  free  radical  content  of 
equal  amounts  of  wool  collected  after  various  stages  of  processing  in  our  wool 
processing  laboratory.     In  this  example,   the  card  caused  practically  no  increase  in 
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Figure  6:    Free  radical  contents  of  wool  at  stages  of  processing. 

signal,  while  the  largest  increase  occurred  in  the  second  pin-drafting  operation. 
The  relatively  large  signal  from  the  noils  suggests  that  the  major  part  of  the  EPR 
signal  is  due  to  fiber  breakage.     If  we  agree  that  the  EPR  signal  amplitude  is  some 
measure  of  the  degree  of  damage,   then  we  have  a  sensitive  way  of  evaluating  effects 
of  the  various  processing  steps. 
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Discussion  of  Mr.  Windle's  Report 

Question:   What  are  the  free  radical  concentrations  in  natural  wool  and  those 
induced  by  irradiation  or  mechanical  action? 

^^^"^^^^       The  free  radical  concentration  of  ^l^e  natural  wool  is  estimated  by  com- 
parison with  a  known  standard  to  be  about  10        spins  (unpaired  electrons)  per  gram. 
Intensity  measurements  of  complex  line  shapes  of  the  induced  spectra  are  only 
rough  approximations  unless  integrated  areas  are  measured.     This  we  have  not 
done.    However,  we  estimate  our  induced  spectra  to  be  from  10  to  100  times  as 
intense  as  the  natural  signal. 


80 


Question:   Since  free  radicals  are  highly  reactive,  why  are  they  so  unreactive  in  wool 
kindle:       Unless  the  radical  has  another  radical  with  which  to  react,   it  cannot  decay. 
In  the  solid,  the  radicals  are  trapped  in  the  lattice  and  immobilized  so  that  recombi- 
nation cannot  occur.    A  radical  reacting  with  the  wool  can  be  destroyed,  but  another 
will  be  produced  in  its  place.     In  wool,   this  process  occurs  at  room  temperature 
until  a  radical  is  produced  which  cannot  react  further;  then  it  is  trapped.     The  initial 
effects  of  irradiation  are  to  produce  many  different  radical  species,  as  we  have 
demonstrated  by  low  temperature  trapping.    Most  of  these  are  reactive  on  warming. 
The  described  mechanism  then  results  in  radical  migration  to  specific  traps. 

Question:  How  stable  is  the  EPR  spectrum  of  Stoll-abraded  wool  on  storage  in  the 
atmosphere  ? 

Windle:       The  EPR  signal  will  decay  in  a  few  hours  or  a  day  at  the  most. 

Question:  Is  there  any  evidence  of  free  radical  formation  in  tryptophan  residues? 
Windle:  No  evidence  which  we  can  see  by  comparing  EPR  spectra  of  irradiated 
wool  and  irradiated  tryptophan. 

Question:  Do  both  the  EPR  signal  and  the  blue  color  of  irradiated  cystine  disappear 
on  introduction  of  water  or  air  into  the  system? 

Windle:       Yes.    However,   in  the  case  of  cystine,  one  must  dissolve  the  amino  acid 
to  destroy  the  color  and  signal,   since  the  crystals  do  not  absorb  moisture.    In  air, 
the  process  takes  a  very  long  time. 


RADIATION  GRAFT  TREATMENTS  OF  WOOL 
V.  Stannett 

Camille  Dreyfus  Laboratory,  Research  Triangle  Institute 
Durham,  North  Carolina 

Summary.    Although  radiation  grafting  has  become  one  of  the  most  studied 
areas  of  polymer  chemistry,  applications  to  wool  have  been  rare.    Radiation  grafting 
of  various  vinyl  monomers  has  been  studied  by  Armstrong  and  Rutherford  (1,  Z)  using 
a  mutual  vapor-phase  technique,  by  Horio  and  coworkers  (3)  using  the  mutual  liquid- 
pnase  method,  and  Burke  and  coworkers  (4)  using  pre-irradiation.    Somewhat  earlier 
a  French  patent  was  issued  (5)  regarding  the  use  of  water  as  a  swelling  agent  in 
mutual  radiation  grafting  of  acrylonitr ile  to  wool. 

In  this  work,  the  direct  or  "mutual"  method  of  grafting  has  been  extensively 
studied  in  the  liquid  phase.    The  grafted  wools  have  been  mainly  examined  for  im- 
proved drying,  although  it  is  hoped  later  to  study  other  properties.    Although  a 
number  of  monomers  have  been  investigated,   styrene  was  studied  in  most  detail. 
Earlier  work  with  cellulose  (6,  7)  showed  that  water  was  essential  for  adequate 
grafting.    Dioxane  was  found  to  be  a  very  satisfactory  solvent,   since  it  tolerated 
addition  of  an  adequate  amount  of  water  and  at  the  same  time  kept  in  solution  the 
polystyrene  formed  by  the  radiation.    A  similar  grafting  solution  has  now  been  in- 
vestigated for  wool.    In  addition,  methanol  has  been  studied  in  place  of  water. 
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Experimental.     The  work  I  am  reporting  was  performed  in  collaboration  with 
Dr.  K.  Araki,  Dr.  J.  A.  Gervasi  and  Mrs.  S.  W.  McLeskey.     The  wool  used  for 
all  the  experiments  to  be  described  consisted  of  fabric  (J.  P.  Stevens  style  number 
13200-1);  the  individual  fibers  had  an  average  diameter  of  22  microns.    Before  use 
the  wool  was  extracted  in  a  Soxhlet  apparatus  for  8  hours  with  diethyl  ether  followed 
by  8  hours  with  ethanol.    It  was  then  washed  with  distilled  water  and  dried  at  room 
temperature  under  a  moderate  vacuum.    Monomers  and  solvents  were  all  freshly 
distilled  before  use. 


The  grafting  experiments  were  carried  out  in  Pyrex  tubes     16  mm.  in  diameter 
and  about  15  cm.  long,  each  joined  through  a  constriction  to  an  O-ring  joint.  A 
weighed  strip  of  wool  fabric  2x0.5  inches  (about  0.17  gram)  was  placed  in  the  tube 
before  constricting  and  8.  0  cc.  of  a  monome r- solvent- wate r  mixture  was  added  by 
hypodermic  syringe  under  a  dry  nitrogen  atmosphere.    The  styrene  content  was 
maintained  at  3.  06  molar  in  dioxane;  the  water  or  methanol  content  was  varied  as 
shown  in  the  actual  data^^  The  tubes  were  degassed  by  three  freeze-thaw  cycles  at  a 
pressure  of  less  than  10     mm.  Hg  and  sealed  under  vacuum.     The  samples  were 
irradiated  in  a  4000-curie  cobalt  60  Gammacell  (by  kind  cooperation  of  the  N.  C. 
State  University  School  of  Textiles)  at  25  "  C.  with  a  dose  rate  of  about  0.  3  Mrad  per 
hour.     The  tubes  were  then  opened  and  the  homopolymer  in  the  solution  isolated  by 
pouring  into  methanol,  filtering,  and  drying.    Viscosities  of  the  homopolys ty rene 
solutions  in  toluene  were  measured  at  30  °  C.   in  an  Ubbelohde  viscosimeter.  The 
viscosity  average  molecular  weight  was  calculated  by  the  equation  (8): 

  4.  01  +  log  fT]! 


The  wool  samples  were  washed  to  constant  weight  with  benzene  and  re-weighed.  The 
increase  in  weight  divided  by  the  original  weight  x  100  was  recorded  as  the  percentage 
of  grafting. 

Results  and  discussion.    The  styrene  content,   in  15-fold  excess  over  the  wool, 
was  held  constant  for  these  initial  studies  and  only  the  water  content  and  the  total 
dose    varied.    The  effect  of  water  or  methanol  content  on  the  amount  of  grafting  is 
shown  in  Table  1.    The  dramatic  effects  of  water  and  methanol  are  clearly  displayed 


Table  1. — Percent  graft  of  styrene  to  wool  fabric  vs.  the  concentration  of  water 
 or  methanol  in  styrene-dioxane  mixture.  


Concentration  of 

water  or  methanol, 

Volume  percent 

Percent 

graft 

a.  Water 

1  Mrad 

2  Mrad 

1.1 

3.77 

4.66 

1.6 

16.1 

20.3 

4.1 

84 

165.8 

6.2 

102 

197.5 

b.  Methanol 

2  Mrad 

5  Mrad 

18.0 

74.0 

142.7 

13.5 

35.5 

98.1 

10.0 

17.5 

41.4 

7.0 

2.53 

6.74 
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at  both,  dose  levels.    These  have  been  interpreted  as  a  consequence  of  the  faster  rate 
of  diffusion  of  monomer  to  active  centers  in  the  swollen  fiber.     There  is  no  reason 
to  doubt  that  the  same  mechanism  operates  in  the  wool-styrene  system.    Above  a 
certain  degree  of  swelling,  grafting  becomes  almost  free  from  diffusion  control,  so 
that  the  effect  of  water  becomes  progressively  less.     This  occurs  at  rather  low 
water  contents  in  the  present  work,  probably  because  of  the  very  low  (11  microns) 
average  fiber  radius. 

The  effect  of  total  dose  on  grafting  yield  at  various  water  contents  has  been 
investigated.    The  results  are  quite  illuminating.    At  low  water  or  methanol  contents, 
grafting  virtually  levels  off  at  a  comparatively  low  yield  depending  on  the  amount  of 
swelling  agent.    At  intermediate  water  or  methanol  contents,  grafting  increases 
slowly  with  dose.    Finally,  at  high  water  contents,  grafting  exhibits  the  normal 
linear  increase  with  dose  and  would  probably  reach  a  constant  rate  above  a  certain 
water  level,  as  discussed  earlier.    It  is  probable  that  at  low  water  contents  most 
grafting  takes  place  on  the  fiber  surface  and  other  readily  accessible  regions.  As 
the  fiber  is  progressively  swollen,  grafting  takes  place  throughout  the  fiber,  so 
that  considerable  disruption  of  the  fiber  structure  undoubtedly  occurs  with  the  higher 
degrees  of  grafting.    For  modification  of  the  surfaces,  therefore,  it  is  perhaps 
sufficient  to  have  low  degrees  of  swelling,  whereas  to  modify  sorption  characteristics 
of  the  fiber,  grafting  at  high  degrees  of  swelling  will  be  necessary.    Thus,  by  varying 
the  dose  and  the  water  content  of  the  grafting  mixture,  grafting  can  be  kept  to  similar 
amounts  but  its  location  varied.    It  should  be  of  considerable  interest  to  compare  the 
drying  properties  of  such  modified  fibers. 

A  few  experiments  were  conducted  using  the  3  MeV  Van  de  Graaff  accelerator 
at  a  dose  rate  of  1  Mrad  per  ZO  seconds  with  wool  sealed  in  tubes  in  a  styrene- 
dioxane  solution  containing  4%  water;  the  tube  was  kept  on  ice  to  avoid  excessive 
heating  during  the  irradiation.    Excellent  grafting  yields  were  obtained,  although 
yields  per  Mrad  were  much  less,  presumably  due  to  more  effective  termination  and 
slower  growth. 

Unlike  most  synthetic  fibers,  wool  can  be  hydrolyzed  away  and  the  grafted  side 
chains  isolated.    Their  molecular  weight  can  then  be  measured  and  additional  infor- 
mation about  the  grafting  process  obtained.    When  untreated  wool  is  treated  with 
warm  10%  aqueous  sodium  hydroxide  solution  it  dissolves  completely  in  about  3  hours. 
Styrene  grafted  wools,  on  the  other  hand,  were  not  dissolved  even  after  several  weeks 
It  was  found,  however,  that  by  using  10%  aqueous  sodium  hydroxide  mixed  with 
benzene  grafte'd  wool  can  be  dissolved  in  about  14  hours  under  reflux.    The  poly- 
styrene from  a  number  of  grafted  wools  has  been  isolated  after  hydrolysis  by 
extraction  with  benzene,  precipitation  in  methanol,  and  f reeze-drying  from  benzene 
solution.    Viscosity  average  molecular  weights  were  determined  in  toluene  at  30  "  C. 
Table  2  summarizes  the  results.    It  can  be  seen  that  the  molecular  weight  of  grafted 

Table  2 .--Molecular  weights  of  grafted  polystyrene.  

Grafting  condition  Percent  graft  Molecular  weight 

27o  water  -  0.5  llrads                               32.5  153,200 

27.  water  -  5  Mrads                                   55.5  110,200 

6%  water  -  2  Mrads  197.5  156,000 

Homopolymer    18,000 
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polystyrene  is  considerably  greater  than  that  of  the  homopolystyrene  produced  in 
free  solution.     This  is  to  be  expected  since  the  gel  effect  normally  leads  to  very  high 
molecular  weights.    However,  the  molecular  weights  are  much  less  than  those  found 
with  polystyrene  grafted  to  cotton  fibers  or  cellulose  acetate.     This  may  be  due  to 
termination  of  the  growing  chains  by  groups  in  the  wool  or  to  the  grafting  being  near 
the  surfaces,   including  inner  surfaces  made  accessible  by  the  swelling  agents.  Such 
a  possibility  would  also  explain  the  leveling  off  in  yields  at  increasing  water  or 
methanol  contents  and  is  being  explored  further. 

The  polystyrene  resulting  from  the  hydrolysis  of  grafted  wool  was  almost  entirely 
soluble  in  dimethyl  formamide  but  only  about  50%  soluble  in  benzene.     The  molecular 
weights  of  the  benzene-soluble  and  insoluble  fractions  appear  to  be  similar.  Both 
give  the  infrared  spectra  of  polystyrene  plus  bands  associated  with  carbonyl  and 
imine  groups;  a  blue  color  developed  on  addition  of  ninhydrin  with  both  components, 
also.    Unmodified  wool  hydrolyzed  to  a  clear  solution  under  similar  conditions. 
These  results  clearly  indicate  that  the  polystyrene  isolated  by  alkaline  hydrolysis 
contains  combined  amino  acid  fragments  from  the  wool.     These  could  not  be  removed 
by  prolonged  acid  hydrolysis  and  appear  quite  firmly  bonded. 

Grafting  of  miscellaneous  monomers.    A  number  of  monomers  which  add  but 
have  only  limited  propagation  power  have  been  investigated.     The  same  system  was 
used  as  for  styrene.    o--  Ivfethyl  styrene  was  investigated  in  detail;  this  monomer  does 
not  propagate  but  it  was  hoped  would  terminate  in  a  manner  producing  crosslinks. 
Losses  or  only  very  small  increases  in  weight  were  obtained.    Allyl  acetate, 
benzoate,   and  stearate  were  also  investigated  and,  as  anticipated,   the  allyl  monomers 
grafted  to  small  amounts,   roughly  in  proportion  to  their  molecular  weights. 

Acrylonitr ile  and  acrylamide  were  also  used.    Acrylamide  yielded  solid  gels  at 
doses  ranging  from  0.1  to  1.  0  Mrad  and  was  not  further  investigated,   since  in  any 
case  it  is  a  highly  hydrophilic  monomer.    Acrylonitr  ile  grafted  very  satisfactorily  in 
dimethyl  formamide  but  needed  either  water  or  methanol  as  an  accelerating  agent. 
The  grafting-dose  curves  were  somewhat  similar  in  shape  to  those  found  with  styrene 
but  without  the  auto-accelerating  character  in  the  early  stages. 

Properties  of  the  grafted  wools.    A  number  of  properties  related  to  the  drying 
behavior  of  the  grafted  wools  were  studied.     These  include  the  drained  water  content 
of  the  fabric  and  the  equilibrium  water  content  at  65%  RH  and  70  °F.    In  a  few 
selected  cases  sorption  isotherms  at  25  °  C.  were  measured.    Attempts  have  also 
been  made,  but  with  only  limited  success,  to  measure  the  diffusion  constant  of  water 
in  the  wools. 

Substantial  reductions  in  both  drained  and  equilibrium  water  contents  were  found 
with  some  grafted  samples.     The  amount  of  reduction  at  a  given  percentage  of  grafting 
appeared  to  depend  on  the  conditions  of  grafting.    In  general,  grafting  conducted  at 
a  low  degree  of  swelling  appeared  to  bring  about  greater  reduction    in  the  drained 
water  content  for  the  same  amount  of  graft  than  grafting  at  higher  swelling.  This 
supports  the  conclusions  drawn  earlier  about  the  effect  of  swelling  on  the  site  of 
grafting. 


84 


Literature  cited 


1.  Armstrong,  A.  A.,  and  Rutherford,  H.  A.,   U,  S.  A.  E.   C.   Publication  T.  I.  D. 
7643,  268  (1961). 

2.  Armstrong,  A.  A.,  and  Rutherford,  H.  A.,   Textile  Res.   J.   33,  264(1963). 

3.  Horio,   M.  ,  Ogami,  K.  ,   Mondo,   T.  ,   and  Sakimoto,  K.  ,   Bull.  Inst.   Chem.  Res.  , 
Kyoto  Univ.  41,  10  (1963). 

4.  Burke,   M.  ,  Kenny,   P.  ,  and  Nicholls,  G.  M.  ,   J.   Textile  Inst.   53,   T370  (1962). 

5.  French  Pat.  1,  278,000  (October  30,  1961). 

6.  Chapiro,  A.  ,  and  Stannett,  V.  ,  Int.  J.  Appl.  Rad.  &  Isotopes  6,  164  (I960). 

7.  Kesting,  R.  E.,   and  Stannett,   V.,   Makromol.   Chemie  55,  1  (1962). 

8.  Fox,   T.  G.  ,  and  Flory,   P.   J.,   J.  Amer.   Chem.  Soc.  73,  1915  (1951). 


FRACTIONATION  AND  MOLECULAR  CHARACTERIZATION  OF  WOOL  PROTEIN 

Wilfred  H.   Ward  and  John  J.  Bartulovich 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

This  report  describes  two  recent  developments  that  arise  as  byproducts  of  our 
attempts  to  separate  and  identify  individual  wool  protein  components. 

Separation  of  wool  fiber  fractions  after  ball-milling  at  low  temperature  (1).  To 
begin  with,  let  us  recall  the  main  details  of  wool  structure  indicated  in  Figure  1,  for 
which  I  am  indebted  to  Professor  Sikorski  at  Leeds.     The  drawing  shows  clearly  the 
way  in  which  the  smallest  fibrillar  units  are  organized  into  successively  larger 
groups,   incorporating  also  less  organized  portions:    matrix  and  "cell  debris,  "  as 
well  as  former  cell  membranes  separating  the  elongated  cortical  cell  residues  that 
used  to  be  living  cellular  units.     The  drawing  also  indicates  the  well-established 
difference  between  the  two  sides  of  a  typical  crimped  fiber.     The  difference  in 
structure  is  matched  by  differences  in  swelling,   dye  uptake,  and  susceptibility  to 
chemical  attack.    Histochemical  experiments  and  analysis  of  fractions  obtained  by 
partial  solubilization  have  suggested  that  the  more  readily  attacked  segment  has  a 
lower  than  average  sulfur  content. 

Several  different  treatments  are  known  that  break  up  wool  fibers  into  individual 
cortical  cell  residues.    For  example,   soaking  wool  for  about  two  days  at  room 
temperature  in  about  6N  hydrochloric  acid  allows  the  fiber  to  be  disintegrated  easily 
as  shown  in  Figure  2.    About  nine  years  ago  Dr.  Lundgren  suggested  that  a  typical 
fine  wool  should  have  two  kinds  of  cells  corresponding  to  the  different  cortical  seg- 
ments and  that  these  might  be  separated  on  the  basis  of  density  differences.  Such 
was  the  case  (2).     The  separated  fractions  were  distinctly  different  in  their  contents 
of  sulfur  and  the  amino  acids  cystine  and  proline,  with  smaller  differences  in  other 
constituents . 

Leveau  (3),  ho%yever,   pointed  out  that  observed  differences  in  composition  might 
conceivably  be  due  to  selective  removal  of  part  of  the  more  readily  attached  segment, 
so  that  the  existing  evidence,  for  the  most  part,   did  not  require  that  the  two  segments, 
as  they  exist  in  the  original  wool,  necessarily  differ  in  composition.     Ouite  recently 
one  of  us  (1)  devised  a  way  of  testing  this  interpretation  more  directly. 
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ORTHO-CORTEX 


PARA  -CORTEX 


Figure  1: 


Stereogram  of 
wool  fiber 
structure,  by- 
courtesy  of 

Profe  ssor 

Sikor  ski. 


Figure  2:    Wool  fiber  disintegrating  after  treatment  with 

hydrochloric  acid.    Photograph  by  F.   T.  Jones.  X  370. 

After  breaking  wool  mechanically  into  small  enough  pieces,  fractionation  should 
be  possible  without  exposing  it  to  chemical  change,   by  use  of  liquids  of  appropriate 
density,  as  are  successful  with  cortical  cells.    Wool,  however,  is  remarkably 
resistant  to  ball-milling.     When  it  does  break  down  under  ordinary  conditions 
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changes  in  color,  odor,  enzyme  digestibility,  and  chemical  composition  all  show 
that  it  has  not,  after  all,   been  protected  from  chemical  damage.    However,   by  first 
chopping  the  fibers  in  a  rotating  knife  (micro- Wiley)  mill  and  then  ball-milling  in  a 
vibratory  ball  mill  of  a  design  developed  at  the  National  Bureau  of  Standards- -and 
cooling  with  liquid  nitrogen  during  both  operations--it  proved  possible  to  make  a 
white,  odorless  powdered  wool  with  the  same  nitrogen,  amide  nitrogen,   sulfur,  and 
cystine  contents  as  the  original  and  the  same  infrared  absorption  spectrum  (except 
for  improved  representation  due  to  the  smaller  particle  size).    Moreover,  the 
product  was  separated  into  two  roughly  equal  fractions  by  centrifuging  in  a  chloral 
hydrate  solution  of  intermediate  density,   determined  by  trial.    Figure  3  shows  a 
centrifuge  tube  with  the  two  layers.     The  sulfur  contents  of  the  light  and  heavy 
fractions  were  found  to  be  3.  4  and  4.  0%  and  the  cystine  contents  10.  9  and  IZ.  6% 
respectively. 

We  have  considered  the  possibility  that  chloral  hydrate,  although  it  dissolves 
very  little  of  the  suspended  wool,  may  not  be  chemically  innocuous.     Therefore  it 
is  pleasant  to  be  able  to  show  in  Figure  4  that  two  distinct  fractions  also  separate 
in  a  liquid  column  of  graded  density  made  from  ethyl  alcohol  and  carbon  tetra- 
chloride. 


Figure  3:    Powdered  wool  separated  Figure  4:    Powdered  wool  separated 

into  two  layers  by  centrifuging  in  into  two  layers  in  density  gradient  of 

chloral  hydrate  solution.  ethyl  alcohol  and  carbon  tetrachloride. 

The  microscopic  appearance  of  the  light  and  heavy  fractions  is  shown  in 
Figures  5  and  6,  respectively,  at  about  the  same  magnification  as  Figure  Z.  Much, 
perhaps,  most,  of  the  material  in  the  light  fraction  is  in  prismatic  fragments 
roughly  1  to  3  microns  wide  by  5  to  10  microns  long;  that  is,   the  fragments  are  much 
shorter  than  individual  cortical  cells,  but  many  are  about  the  same  width,  with 
breakage  mainly  either  parallel  or  approximately  perpendicular  to  the  fiber  direc- 
tions.    The  heavy  fraction  is  similar,   but  the  fragments  appear  smaller  on  the  whole, 
suggesting  that  the  segment  higher  in  sulfur  may  be  more  brittle  at  low  temperature. 

We  therefore  conclude  that  differences  in  composition  within  a  normal  wool  fiber  at 
the  microscopic  level  are  well  supported. 

87 


Figure  5:    Light  fraction  of  powdered 
wool.     Photograph  by  F.   T.  Jones. 
X  370. 


Figure  6:    Heavy  fraction  of  powdered 
wool.    Photograph  by  F.   T.  Jones. 
X  370. 


A_£_ecordin^_^te-measuring_sj^^  the  ultj^ace_ntrifupe  Now,  changine 

the  subject,  we  describe  apparatus  that  we  have  put  together  to  aid  rapid,  precise 
measurenaent  of  photographic  records  for  further  mathematical  evaluation  either  by 
ordmary  methods  or  with  an  electronic  digital  computer. 

In  characterizing  proteins,   the  ultracentr if uge  is  commonly  used  to  indicate 
molecular  size  and  homogeneity.     This  instrument  exerts  enough  centrifugal  force 

r  ^"^^'"""^  °^  sufficient  molecular  weight  (and  differing  in  density  from 

t^e  solvent)  to  cause  .t  to  sediment  at  a  measurable  rate  depending  on  its  molecular 
s.ze,   shape,   and  density.     The  movement  is  observed  by  appropriate  optical  means. 
A  typical  pnotographic  record  is  shown  as  Figure  7,   in  which  horizontal  distances 
are  proportional  to  actual  distances  from  the  center  of  rotation  (somewhat  to  the 
r  ght  of  the  figure)  and  vertical  distances  are  approximately  proportional  to  the  rate 
of  change  of  concentration  with  distance.    Direct  observation,   taking  into  account 
the  length  of  the  run,  gives  us  an  impression  (possibly  misleading)  of  the  size  and 
homogeneity  of  the  protein.     For  more  exact  treatment,   significant  parts  of  the 
pnotograph  are  located  in  two  perpendicular  directions  with  a  toolmakers'  measuring 
microscope.     The  photographic  plate  is  set  on  the  microscope  stage;  crosshairs  are 
set  at  a  place  on  the  image  for  which  measurements  are  wanted  by  moving  the  stage 
m  two  perpendicular  directions  by  threaded  screws,  provided  with  vernier  dials 
moving  the  stage  along  graduated  scales. 
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Figure  7:    Ultracentr ifuge  record  of  sedimentation  of  acrylonitrile- 
stabilized  wool  keratin  derivative. 


In  order  to  recover  the  significant  information  inherent  in  the  photograph,  we 
have  to  make  30  or  40  pairs  of  measurements.     These  readings  then  have  to  be 
manipulated  mathematically  in  ways  that  for  us  are  tedious  and  liable  to  error,  but 
quick  and  easy  for  a  modern  electronic  computer.     We  have  therefore  put  together 
the  apparatus  shown  as  a  block  diagram  in  Figure  8  to  record  measurements  from 
a  photograph  in  a  form  that  can  be  used  by  the  computer. 
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Figure  8:    Block  diagram  of  recording,   plate -measuring  system. 

The  equipment  works  as  follows.    A  plate  is  set  on  the  stage,   aligned  manually, 
and  adjusted  manually  to  a  position  for  which  the  measurements  are  wanted.  Digital 
encoders,   by  means  of  electric  contacts,   sense  the  positions  of  the  two  measuring 
screws,  which  are  displayed  as  illuminated  figures  on  lampbank  indicators.  When 
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a  foot  switch  is  pressed,   the  x-reading  (in  the  radial  direction)  is  aatomatically 
typed  and  also  punched  as  a  code  into  paper  tape.    A  second  foot  switch  then  permits 
similarly  recording  the  y-reading.     1£  we  like,   a  second  y-reading  can  then  be  made 
and  recorded  for  a  reference  position  (the  baseline).    Since  it  is  often  desirable  to 
make  readings  at  uniform  intervals,  a  motorized  drive  is  provided  with  electrical 
control  for  repeated,  precise  incremental  advance  in  the  x-direction.     The  punched 
tape  record  is  evaluated  by  a  computer;  the  typed  record  is  available  for  checking. 

Although  further  improvements  are  envisioned,   this  equipment  increases  by 
about  nine-fold  the  number  of  records  that  can  be  measured  in  a  given  time.  It 
entirely  eliminates  errors  in  transcription. 
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WOOL  SURFACE  PROPERTIES:    SURFACE  POTENTIALS 

Dirk  Stigter 

Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

There  are  a  number  of  reasons  why  we  should  be  interested  in  the  surface 
chemistry  of  wool  fibers.     In  the  first  place,   surface  properties  play  a  role  in 
technical  processes  like  laundering,   dyeing,   and  felting.     In  the  second  place,  we 
like  to  identify  reactive  groups  at  the  fiber  surface.     This  is  helpful  and  indeed 
necessary  when  we  want  to  improve  wool  by  planned  chemical  modification. 

We  have  studied  wool  surface  chemistry  by  electroosmos is  (1).     The  apparatus 
is  diagrammed  in  Figure  1.     The  heart  of  the  whole  thing  really  is  a  small  flexible 
Tygon  tube  inside  which  we  have  a  plug  of  wool.     The  rest  of  the  apparatus  serves 
to  bring  this  plug  in  contact  with  an  aqueous  salt  solution  to  permit  various  measure 
ments . 

The  main  experiment  is  this:    we  apply  an  electrostatic  field  across  the  plug 
and  observe  flow  of  liquid  through  the  plug.     This  flow  caused  by  an  electric  field 
is  called  electroosmosis .     What  happens  is  this:    when  the  wool  is  in  contact  with 
water,   some  groups  at  the  fiber  surface  ionize.     The  small  ions  diffuse  to  some 
extent  into  the  water,   so  the  solution  inside  the  plug  becomes  charged  because  it  has 
an  excess  of  either  positive  or  negative  ions.     Therefore  the  solution  will  move  in 
an  applied  electric  field.    As  a  result,  we  can  measure  the  surface  charge  and  the 
surface  potential  of  the  wool  fibers. 

Figure  2  giv&s  some  results  for  a  well  cleaned,  undyed  wool  flannel.    One  of 
the  factors  which  most  influences  the  surface  charge  and  the  surface  potential 
(  t,    -potential)  is  the  pH.     We  have  here  a  p>lot  of  surface  potential  versus  pH. 
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Figure  1:   Cell  for  measuring  conductance,  permeability,  and  electro- 
osmosis  of  wool  fiber  plug.    (1)  Tygon  sleeves  1  inch  ID, 
1/8  inch  wall  thickness.    (2)  Tubing  clamp  around  plug. 
(3)  Platinized  platinum  gauze  electrodes  for  measuring  con- 
ductivity.   (4)  Rubber  bands  holding  electrodes  against  plug. 
(5)  Reversible  electrodes  used  for  electroosmosis  with  con- 
centrated electrolyte  in  shaded  sections.    (6)  Capillary  and 
scale  to  measure  flow  of  liquid.    (7)  Rubber  connections. 
(8)  Pinch  clamp.    (9)  Thermometer.    (10)  Connection  to 
solution  reservoir.    (11)  Stopcocks  for  filling  side  sections 
and  measuring  plug  permeability. 
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Figure  Z:    Electroosmotic    ^  -  potential  as  a  function  of  pH  for  wool 
fabric  plug.     Ionic  strength  0.  002. 
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This  potential  runs  from  +7  mV  down  to  about  -40  mV.    At  about  pH  3  the  surface  is 
electrically  neutral.     We  call  this  pH  the  isoelectric  point  (lEP).    Figure  Z  is  really 
a  titration  curve  of  the  fiber  surface.    We  can  convert  the  surface  potential  into 
surface  charge  and  interpret  the  result  as  a  titration  curve.     However,    it  is  not 
necessary  to  make  this  conversion  to  see  that  the  surface  is  more  acidic  than  basic, 
because  it  has  such  a  low  lEP.     The  interior  of  the  fiber  has  an  lEP  near  pH  5.  By 
electroosmosis  we  find  that  the  surface  is  really  different  from  the  interior  of  the 
fiber.    Furthermore,  we  calculate  that  at  the  surface  the  charged  groups  are  at 
least  50A  apart.     The  maximum  surface  charge  density  is  therefore  relatively  low. 
Finally  the  shape  of  the  curve  tells  us  something  about  the  pK,   a  measure  of  the 
strengths  of  the  acid  groups.     This  pK  is  lower  than  3.  3.    Now  the  pK  of  carboxylic 
acid  groups  is  about  4.  6.    So  the  fiber  surface  seems  to  have  acidic  groups  which 
are  stronger  than  any  of  the  usual  amino  acids  that  make  up  the  wool  protein.  It 
may  be  that  we  deal  here  with  ruptured  sulfur- sulfur  bonds  in  the  surface  which 
have  been  oxidized  to  sulfonic  acid  groups. 

Having  considered  natural  wool,  let  us  now  look  at  WURLANized  wool.  Figure  3 
shows  results  for  wool  treated  in  various  ways.    Although  the  native  wool  surface 
has  an  lEP  near  pH  3,   this  sample  of  WURLANized  wool  has  an  LEP  of  pH  5.  That 
is,   in  water  we  may  get  quite  a  shift  of  the  surface  potential,  whatever  this  may 
mean  in  terms  of  stabilizing  the  fabric.    Now,   one  of  the  questions  in  WURLANizing 
is  whether  the  film  is  grafted  to  the  fiber  surface  or  not.     To  find  evidence  of  this, 
several  samples  were  given,  not  the  full  WURLAN  treatment,   but  partial  treatments 
with  the  monomers  individually.    After  these  partial  treatments  we  looked  again  at 
the  surface  potential  and  found  the  differences  also  shown  in  Figure  3. 
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Figure  3:   Electroosmotic  ^  -potential  of  chemically  treated  wool 
fabrics  at  ionic  strength  0.  OOZ,  not  corrected  for  fiber 
conduction:    (a)  fabric  with  Z%  polyamide;  (b)  fabric 
treated  with  sebacoyl  chloride,   (c)  fabric  treated  with 
1,  6-hexamethylene  diamine. 


Treatment  with  acid  chloride  resulted  in  a  shift  of  the  LEP  to  the  more  acid  side. 
This  implies  a  change  of  surface  amino  groups  into  surface  carboxyl  groups.    In  the 
other  case,   treatment  with  the  diamine  increased  the  lEP,  from  which  I  infer  a 
change  of  surface  carboxyl  groups  into  surface  amino  groups.     The  latter  change 
might  conceivably  result  from  a  salt  bond,   but  it  seems  that  the  effect  of  the  acid 
chloride  can  only  result  from  primary  chemical  combination.    My  conclusion  is  that 
WURLANizing  does  result  in  grafting  through  the  surface  amino  groups. 
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WOOL  SURFACE  PROPERTIES;    ELECTRON  MICROSCOPY 

Richard  S.  Thomas 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

When  a  WURLANized  wool  fiber  is  examined  in  the  light  microscope,  one  can- 
not see  any  change  in  the  surface  as  a  result  of  the  deposited  WURLAN  film. 
Apparently  the  changes  are  too  minute.     They  should  be  visible  in  the  electron 
microscope,  however,   so  we  have  made  some  attempts  to  examine  the  surface  of 
treated  fibers  with  this  instrument. 

Hopefully  we  should  answer  such  questions  as:    Is  the  WURLAN  film  continuous 
over  the  fiber  surface?    How  thick  is  the  film?    Does  it  mask  the  scale  edges  or 
otherwise  produce  any  significant  change  in  the  surface  geometry?    What  sort  of 
texture  does  it  have?    Does  this  texture  have  significance  for  shr inkproof ing ?  We 
have  not  yet  overcome  some  of  the  technical  difficulties,  nor  do  we  have  final 
answers  to  our  questions.     What  I  present  today  is  essentially  a  progress  report. 

Surface  replicas.   We  have  approached  the  problem  of  visualizing  the  surface 
film  in  several  ways:    first  of  all,   by  making  thin  replicas  of  the  surface.    As  you 
know,   the  intact  wool  fiber  is  much  too  thick  for  direct  examination  in  the  electron 
microscope.     We  can,  however,  make  a  very  thin  cast  of  the  surface  and  examine 
this.     The  fiber  is  pressed  into  a  sheet  of  softened  plastic  to  make  the  initial  cast. 
Then  the  fiber  is  stripped  away  and  a  thin  carbon  film  evaporated  on  the  cast. 
Finally,  the  plastic  is  dissolved  away,  leaving  just  the  carbon  film,  which  now  has 
the  shape  of  the  original  fiber  surface. 

Figure  1  shows  a  surface  replica  of  a  clean  wool  fiber  not  WURLANized  or 
otherwise  treated.     The  scale  marker  represents  10  microns.     The  edge  of  the 
replica  is  in  the  lower  right  quadrant  of  the  field;  and  a  scale  edge  appears  in  the 
lower  left  quadrant.     The  replica  was  shadowed;  that  is,  metal  was  evaporated  on 
the  replica  from  an  oblique  angle  to  accentuate  projecting  features  of  the  surface. 
Notice  that,   aside  from  the  scale  edge,   the  fiber  surface  is  rather  smooth  and 
featureless . 

Before  looking  at  WURLANized  fibers,   it  may  be  interesting  to  see  the  result 
of  another  shrinkproof  treatment  for  comparison.     Figure  2  shows  the  surface  of  a 
fiber  coated  with  polyglycine  to  3  percent  uptake  by  a  process  initiated  in  England 
and  more  recently  by  the  CSIRO  in  Australia  (1).     The  treated  wool  was  kindly  sent 
to  us  by  Dr.  Bradbury  of  that  laboratory.    As  we  see,   the  fiber  surface  is  covered 
with  a  discontinuous  deposit  of  irregular  polymer  aggregates.     We  are  actually 
looking  at  the  polymer  itself,   which  becomes  detached  from  the  wool  and  adheres  to 
the  replica  in  our  procedure.     The  polymer  tends  to  collect  below  the  scale  edges, 
as  seen  in  figure.     The  Australian  workers  proposed  that  their  treatment  produces 
shr  inkproof  ing  primarily  by  masking  scale  edges. 
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In  Figure  3  we  see  the  surface  of  a  WURLANized  fiber  from  fabric  with  2  per- 
cent uptake  of  6,10  polyamide.    Aside  from  being  slightly  rougher  on  a  fine  scale, 
the  surface  looks  little  different  from  that  of  untreated  fibers.    We  are  probably 
looking  at  the  polyamide  film  itself,  attached  to  the  replica,   rather  than  a  simple 
replica  of  the  surface.     The  polyamide  film  is  so  thin,  however,  that  it  is  not  always 
easy  to  tell  whether  or  not  it  is  present. 

Figure  4  shows  a  fiber  surface  on  which  the  film  is  discontinuous.     The  film 
appears  as  the  lighter  patches.    We  don't  know  whether  the  film  was  discontinuous 
on  the  original  surface  or  whether  we  made  it  so  in  producing  the  replica.  We 
suspect  the  latter.    At  any  rate,   it  provides  useful  information:    we  can  measure 
the  shadows  at  the  edge  of  a  patch  and  from  them  determine  the  film  thickness. 
Figure  5,  a  higher  magnification  of  the  previous  figure,   shows  these  edge  shadows 
more  clearly.    We  conclude  that  the  film  is  about  200  A  thick. 

Residues  from  preferential  solubilization  of  wool.    Let  us  turn  now  to  a  second 
way  of  looking  at  the  WURLAN  film:    by  realeasing  the  film  from  the  surface  of  the 
WURLANized  fiber  by  digesting  away  the  wool.     The  released  film  is  thin  enough  for 
direct  examination  in  the  electron  microscope.    For  digesting  the  wool,  we  first 
used  proteolytic  enzymes.     The  treatments  were  carried  out  by  Dr.  Wilfred  Ward. 
Most  complete  digestion  was  achieved  by  pretreating  fiber  segments  with  urea  and 
mer captoethanol,   then  incubating  with  papain. 

An  optical  micrograph  of  such  a  digested  WURLANized  fiber  segment  is  shown 
in  Figure  6.    A  very  thin,   continuous  sheath,   corresponding  to  the  surface  of  the 
fiber,   surrounds  a  small,   delicate  cylinder  of  material  representing  a  much  con- 
tracted, undigested  remnant  of  the  wool.    From  unWURLANized  fibers  we  obtain 
only  the  contracted  remnant  as  shown  in  Figure  7.     We  conclude  that  the  outer 
sheath  of  Figure  6  is  very  likely  just  the  WURLAN  film.     If  this  is  so,  we  have 
direct  evidence  that  the  film  is  continuous. 

We  have  also  used  a  chemical  treatment  for  digesting  the  wool  which  was 
recently  devised  by  Dr.  Gordon  Rose  (2).     The  wool  is  warmed  in  a  sealed  tube 
with  ethylene  oxide  and  a  basic  catalyst.     The  treatment  appears  to  digest  the  wool 
entirely  without  attacking  the  polyamide  film.    Figure  8  shows  an  optical  micro- 
graph of  the  thin  WURLAN  sheaths  which  result  from  this  treatment.     This  prepara- 
tion has  an  advantage  over  the  enzyme  treatment  in  that,  with  no  visible  inner 
remnant  of  the  wool  fiber  remaining,  we  can  ascribe  chemical  analyses  of  the 
preparation  entirely  to  the  surface  sheaths.     The  chemical  analyses  are  now  in 
progress. 

A  low-power  electron  micrograph,  Figure  9,  from  this  same  preparation  shows 
that  the  sheath  has  opened    out  and  is  mostly  a  single  thickness.    Again  the  film  is 
continuous  except  for  a  few  cracks  which  may  be  an  artifact  of  the  treatment.  Folds 
in  the  film  correspond  to  the  scale  edges,   but  there  is  no  gross  accumulation  of 
polymer  at  the  scale  edges  or  elsewhere. 

Figure  10  shows  a  similar  but  still  thinner  sheath- -again,  mostly  a  single 
thickness.    A  higher  magnification  view  of  such  a  thin  film  is  shown  in  Figure  11. 
The  small  white  spheres  are  polystyrene  latex  particles  of  known  size,   sprayed  on 
the  preparation  for  calibration.    By  comparing  their  shadows  with  the  shadows  at 
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the  edge  of  the  film  we  get  a  very  accurate  measurement  of  the  film  thickness.  It 
is  180  A. 

Not  all  WURLAN  sheaths  are  so  thin  as  we  have  just  seen.    Some  of  the  fibers 
appear  to  pick  up  much  more  than  the  average  amount  of  polymer.    When  this 
occurs,  the  film  has  considerable  gross  structure.    Figure  IZ  shows  such  a  thick 
film,  which  was  deposited  on  the  wool  surface  mostly  in  a  reticular  form.     We  also 
sometimes  see  patterns  of  small  knobs  or  rosettes  on  the  film;  these  may  represent  . 
polymer  crystals  growing  out  from  seeding  points.    Such  morphological  variations 
in  the  film  may  prove   significant  when  correlated  with  other  physical  properties  and 
processing  variables. 

Thin  sections.    Finally,  we  come  to  a  third  way  of  looking  at  the  WURLAN  film. 
Here,  we  cut  ultrathin  sections  of  WURLANized  fibers  and  hope  to  see  an  edge-on 
view  of  the  film  in  place  on  the  surface.    We  are  still  struggling  with  artifacts  in 
this  kind  of  preparation  and  so  our  results  here  are  very  preliminary.     In  order  to 
cut  thin  sections  of  wool  fibers  it  is  necessary  to  embed  them  in  a  plastic.    We  have 
been  using  poly(methyl- ,   butyl- )methacrylate .    It  turns  out  that  stresses  occurring 
during  polymerization  of  this  plastic  damage  the  fiber  surface  and  in  many  cases 
actually  tear  the  WURLAN  film  off  the  surface.    Figure  13  shows  part  of  a  thin  cross 
section,   about  500  A  thick,  of  a  WURLANized  wool  fiber.     The  folds  in  the  section 
are  simply  an  artifact  of  mounting  such  a  thin  slice  on  the  specimen  support.     In  the 
lower  left  quadrant  of  the  field  a  cuticle  scale  has  been  lifted  out  by  the  polymeriza- 
tion damage.    The  diffused  material  attached  to  the  scale  is  the  WURLAN  film, 
which  has  been  disrupted  by  the  polymerization.    Following  along  the  surface  of  the 
fiber  from  the  scale  we  have  been  looking  at,   toward  the  upper  right  quadrant,  we 
see  that  the  WURLAN  film  remains  attached  to  the  fiber  surface  for  some  distance. 
It  is  seen  as  a  fuzzy  edge  to  the  section.    At  the  upper  right,  however,   it  has  been 
ripped  off  the  surface.    We  can  see  this  more  clearly  in  Figure  14,  which  shows 
the  same  area  at  higher  magnification.     The  diffuse  appearance  of  the  cross  sectioned 
WURLAN  film  is  probably  an  artifact.    Although  the  polyamide  does  not  dissolve  in 
the  various  organic  solvents  used  in  preparing  the  thin  section,   it  undoubtedly  swells. 


Figures  13  and  14 
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since  it  is  not  cross-linked.    We  may  be  able  to  overcome  this  artifact  by  fixing  the 
film  with  a  suitable  cross-linking  agent.    Also  we  can  probably  overcome  polymeri- 
zation artifacts  such  as  detaching  the  film  by  using  a  different  embedding  plastic. 
We  hope  to  be  able  to  see  undistorted  WURLAN  film  in  place  on  the  surface  and 
study  its  configuration  in  detail,  especially  over  the  scale  edges. 

Now  to  summarize:    We  tentatively  conclude^  that  the  WURLAN  film  is  con- 
tinuous.   It  can  be  very  thin--no  more  than  ZOO  A.     It  does  not  produce  gross  change 
in  the  geometry  of  the  fiber  surface  and,   in  fact,  usually  has  a  rather  featureless 
texture  although  it  seems  less  smooth  than  the  original  surface.    Full  verification 
awaits  further  experiments,  as  does  understanding  of  how  this  thin  surface  film 
produces  shr inkproof ing. 
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Discussion  of  Dr.  Thomas'  Report 

Question:    Cross-sectional  viewing  of  the  WURLANized  fibers  shows  the  film  coming 
apart  from  the  fibers  in  places.     Is  this  compatible  with  true  grafting  of  the  polymer? 
Thomas:      Stresses  set  up  during  polymerization  of  the  embedding  methacrylate  may 
very  well  be  great  enough  to  break  covalent  bonds  between  the  wool  surface  and  the 
polyamide.     The  methacrylate  undoubtedly  penetrates  the  swollen  polyamide  film  but 
probably  does  not  enter  the  wool.     Therefore,   stresses  are  concentrated  at  the  wool 
surface. 


NEW  ASPECTS  OF  WOOL  STRUCTURE  AND  HEAT  STABILITY 

Emory  Menefee  and  Genevieve  J.  Yee 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

Several  prior  studies  of  the  effect  of  heat  on  wool  provide  only  an  outline  of 
behavior  which  needs  further  details.     This  outline  reveals  essentially  the  following 
facts:    yellowing  of  wool  begins  at  a  temperature  near  120  "C.  ;  changes  in  strength, 
modulus,   and  alkali  solubility  begin  near  160°  C.  ;  extensive  degradation  and  libera- 
tion of  sulfur- containing  gases  begin  above  200  °  C. 

Most  of  these  studies,   in  the  opinion  of  the  authors,   suffer  from  one  or  more  of 
the  following  defects:    pertinent  measurements  were  not  carried  out  at  the  elevated 
temperatures  of  the  treatments;  air  was  not  excluded;  measurements  were  conducted 
at  atmospheric  pressure;  water  was  not  adequately  excluded;  sufficient  time  and 
temperature  were  not  used.    While  the  limitations  imposed  by  these  conditions  are, 
in  general,  evident,   the  third  may  require  elaboration.       In  the  present  investigation 
it  was  soon  found  that  degradation  products,   if  allowed  to  remain  in  contact  with  the 
wool,  act  in  a  plasticizing  or  perhaps  catalytic  way  to  promote  degradation  at  even 
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lower  temperature.    For  this  reason  we  felt  it  imperative  to  carry  out  measure- 
ments under  vacuum. 

The  study  of  heat  effects  on  a  material  like  wool  has  both  fundamental  and 
applied  interest.    Practically,  wool  is  sometimes  processed  and  used  at  rather  high 
temperatures;  and  even  higher  temperatures  would  be  used  if  significant  degradation 
could  be  avoided.    Detailed  knowledge  of  what  happens  to  the  fiber  may  lead  to 
improved  heat  resistance  or  at  least  allow  more  exact  specification  of  conditions  to 
be  avoided. 

Fundamentally,  heat  can  be  considered  an  analytical  probe  which  can  progres- 
sively alter  a  measurable  property.    It  has  an  advantage  over  similarly  intended 
chemical  treatments  in  that  all  parts  of  the  fiber  are  treated  uniformly.  Really 
basic  understanding  of  the  physical  behavior  of  long-chain  molecules  has  been 
possible  only  within  the  last  few  years  of  the  many  which  have  been  devoted  to  wool 
research.    Here  we  apply  this  understanding  of  thermo-mechanical  properties  of 
synthetic  polymers  to  wool. 

Methods.  For  this  study  we  used  a  torsion  pendulum  to  measure  mechanical 
properties  of  a  wool  fiber  isolated  as  much  as  possible  from  environmental  con- 
ditions other  than  temperature.     The  object  was  to  obtain  the  fundamental  response 
of  dry  wool  to  heat.    From  this  point  it  should  be  simpler  to  interpret  experiments 
in  which  oxidation  occurs  in  air,   in  which  water  or  other  reagents  are  present,  or 
in  which  chemically  modified  fibers  are  studied. 

A  torsion  pendulum  for  fibers  is  constructed  simply  by  hanging  a  small  bob 
from  a  fiber  encased  by  a  suitably  thermostated  heater,  the  whole  assembly  being 
placed  in  a  vacuum  oven  with  a  glass  door.     The  upper  end  of  the  fiber  is  tied  to  a 
rod  which  penetrates  the  oven  top  through  a  vacuum  seal  and  allows  the  fiber  and 
bob  to  be  put  into  torsional  oscillation.     The  frequency  of  oscillation  is  simply 
related  to  the  torsional  modulus;  the  rate  at  which  damping  of  the  oscillation  occurs 
is  related  to  the  internal  friction.     Using  a  torsion  pendulum  for  such  mechanical 
measurements  has  several  advantages.    The  experiment  is  easy.    Long  calculations 
are  not  required  to  extract  information  from  the  measurements.     The  rate  of 
damping  (or,  as  it  is  usually  called,   the  logarithmic  decrement)  is  independent  of 
fiber  geometry--quite  important  in  the  case  of  an  irregular  fiber  like  wool. 

In  addition  to  torsional  measurements,   supplementary  studies  were  made. 
These  included  X-ray  diffraction,  tensile  stress-strain  measurements,   solubility  in 
formic  acid,  mass  spectrometr ic  analysis  of  evolved  gases,  amino  acid  analysis  of 
residues,   sulfur  analysis  of  residues,  and  weight  changes  during  heating. 

Results  and  interpretations.    While  the  present  work  is  not  specifically  concerned 
with  low- temperature  properties  of  wool  fibers,   it  is  instructive  to  look  at  torsional 
properties  over  a  wide  temperature  range  to  realize  the  extensive  changes  which 
occur.     The  relative  modulus  (RM)  and  logarithmic  decrement  (LD)  for  a  Lincoln 
wool  fiber  over  a  400°  C.  temperature  range  are  shown  in  Figure  1.    The  relative 
modulus  is  defined  by  assigning  unity  to  the  modulus  at  100  °  C.  of  a  fiber  dried  for 
at  least  three  hours  under  vacuum  at  110  °  C.     The  terms  "wet"  and  "dry"  used  in 
Figure  1  refer  respectively  to  fibers  preconditioned  to  ordinary  room  conditions 
(about  25  °  C.  ,  40%  relative  humidity)  and  to  those  vacuum  dried  as  described.  The 
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Figure  1:    The  relative  torsional  modulus  (RM)  and  logarithmic 
decrement  (LD)  of  a  dry  Lincoln  wool  fiber  in  vacuum 
at  various  temperatures.     The  modulus  is  referred  to 
that  of  a  fiber  dried  at  least  3  hours  in  vacuum  at  110  °  C.  , 
then  measured  in  vacuum  at  100  °  C.     The  change  in  RM  " 
and  peak  in  LD  near  -80  °  C.   is  characteristic  of  hydrogen- 
bonded  materials. 

peak  in  the  LD  near  -80  °C.   is  attributed  to  so-called  -primary  water-  which  acts 
to  stabilize  the  structure,   as  shown  by  the  enhanced  RM  in  this  region.     The  appear 
ance  of  a  loss  peak  at  low  temperatures  is  characteristic  of  many  materials  capable 
of  strong  hydrogen  bonding.    For  example,   alumina  with  adsorbed  water  shows  a 
strong  dielectric  loss  near  -100  °  C.  (1). 

Although  no  detail  is  shown  in  Figure  1,  at  this  point  we  summarize  our  interpre- 
tation  of  the  processes  occurring  in  wool  heated  above  room  temperature  Later 
Illustrations  will  point  out  further  details  and  give  confirmatory  evidence.    As  the 
temperature  is  raised  the  following  events  occur: 

1.      Loosely-bound  water  is  removed  by  vacuum  heating  at  100°  or  less  This 
water  is  presumed  to  be  hydrogen- bonded  to  other  less  mobile  water  molecules 

r^nulnJ^lTo^^T'^^f  "  --oved  by  long  heating  at  temperatures  in  the 

range  110    -120    C.    K  heating  is  conducted  without  prior  drying,   slope  changes  in  the 
1  A^o primary  water  persists  to  temperatures  as  high  as 
ibU    U.  and  that  its  disappearance  is  quite  sensitive  to  the  heating  rate. 

3.  The  glass  transition  of  amorphous  wool  protein  and  the  formation  of  amide 
linkages  between  side-chain  carboxyl  and  amine  groups  appear  to  occur  more  or 
less  simultaneously  near  150°  C.    In  the  presence  of  extensive  crosslinking  the 
amorpnous  glass  transition  is  moved  up  to  about  175  °C. 

4.  The  helix-coil  transition  in  naturally  crosslinked  wool  protein  occurs 
maTerUl'^°°  ^""^        "  '  ^°^"^^tion  of  a  corresponding  large  amount  of  amorphous 

5  Sulfur  decomposition  occurs  in  the  amorphous  regions  (possibly  exclusively 
there),  but  is  slight  until  the  helix-coil  transition  occurs,  when  it  becomes  consider- 
able . 
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6.      The  newly-formed  amorphous  regions  rapidly  rearrange  to  permit  forma- 
tion of  amide  cross  links  which  further  stabilize  the  structure  and  increase  the 
modulus. 

The  effects  of  heat  on  untreated  wool  can  thus  be  considered  to  occur  in  three 
more  or  less  separable  regions.     The  first,   region  I,   is  that  from  about  120°  to 
160  "C,   the  second,   region  II,  from  210°  to  230  °C.,   and  the  third,   above  230°. 
Extensive  pyrolysis  occurs  in  this  region  III,   but  is  not  considered  in  this  study. 

The  glass  transition  in  the  amorphous  regions.    Figure  2  shows  more  details 
of  events  in  region  I.     The  change  in  slope  which  occurs  near  150  °  C.   is  taken  to  be 
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Figure  2:    The  relative  torsional  modulus  (Gj.g-|^)  of  Lincoln  wool 

fibers  at  various  temperatures:  "moist"  (approximately 
conditioned  to  25  °  C.  ,  40%  RH),  dried  in  vacuum  at  110  °  C.  , 
and  heated  in  vacuum  at  170  *  C.   23  hours.     The  fiber  dried 
at  110  °  shows  the  glass  transition  in  the  amorpnous  regions 
near  150  °C.     This  transition  is  obscured  in  the  "moist" 
(air-dry)  fiber  by  changes  in  modulus  due  to  loss  of  bound 
water.     The  fiber  heated  at  170°  has  an  increased  modulus 
because  of  cross  linking  which  prevents  the  glass  transi- 
tion from  occuring. 

the  amorphous  transition  in  those  portions  of  the  fiber  which  are  not  crystalline.  If 
the  fiber  is  held  for  some  time  at  about  160°,  the  amorpnous  regions,   which  acquire 
segmental  mobility  due  to  the  transition,   rearrange  themselves  until  side-chain 
carboxyl  and  amine  groups  react  to  render  them  immobile  again.     This  reaction 
causes  the  modulus  to  rise  as  shown  by  the  upper  curve  of  the  figure.     The  lower 
curve  represents  a  fiber  which  contains  some  water,   so  that  the  amorphous  transi- 
tion is  masked  by  the  region  in  which  water  is  being  expelled.    Water  expulsion  is 
manifested  by  a  flattening  of  the  RM  curve  and  is  marked  by  considerable  variability 
with  changing  heating  rate.    By  correlating  the  heating  rate  with  a  desorption  activa- 
tion process,  the  activation  energy  of  water  evolution  is  estimated  to  be  6  kcal/mole, 
which  agrees  with  assignment  of  the  flattening  region  to  water. 

Early  work  in  this  laboratory  by  Lundgren  and  others  established  that  fibers 
formed  from  egg  albumin  undergo  a  similar  strengthening  due  to  amide  bond  forma- 
tion atl65°C.    Direct  measurement  of  the  acid  and  base  group  concentration,  which 
continually  decrease  on  heating,   showed  that  about  40  hours  were  needed  to  complete 
reaction  at  this  temperature.    More  will  be  said  about  this  presently. 
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Figure  3: 


The  relative  torsional  modulus  (G/G-j^qq)  of  Lincoln  wool 
fibers  at  various  temperatures,  either  normal  (solid  line) 
or  reduced  with  tetrakis -hydroxymethylphosphonium 
chloride  and  supe r contracted  in  aqueous  hexafluoroacetone 
(dashed  line).    The  amorphous  fiber  shows,  as  expected, 
no  helix-coil  transition  near  210°,  but  there  is  a  transient 
increase  in  modulus  above  200  °  attributed  to  crosslinking 
by  amide  groups.    The  expected  effect  in  the  absence  of 
crosslinking  is  suggested  by  the  dotted  curve. 


Figure  3  shows  rather  more  direct  evidence  of  an  amorphous  transition  in  a 
fiber  (dashed  line)  which  has  been  reduced  in  tetrakis-hydroxymethylphosphonium 
chloride  (THPC)  and  subsequently  supercontracted  in  aqueous  hexafluoroacetone 
(HFA).    This  fiber,  which  is  predominantly  amorphous,  shows  a  pronounced  transi- 
tion region  near  150°  C.    The  increasingly  rapid  formation  of  amide  cross  links 
causes  the  RM  to  rise  at  higher  temperatures  until  these  cross  links,  too,  are 
pyrolyzed  at  temperatures  of  240  °  C.  or  more.     The  expected  change  in  modulus 
from  an  amorphous  glass  transition  without  cross -linking  is  indicated  by  the  dotted 
curve  in  the  figure. 

The  u-helix- random  coil  transition.  Turning  now  to  region  II,  the  gross  effects 
of  higher  temperature  are  also  illustrated  in  Figure  3,  where  the  solid  line  repre- 
sents the  untreated  fiber.    The  extensive  decrease  of  the  modulus  which  we  interpret 
as  due  to  the  helix-coil  transition  occurs  above  210°  C.    The  effect  of  crosslinking 
in  the  crystalline  state  is  to  raise  the  temperature  of  this  transition.  Conversely, 
as  shown  in  Figure  4,  removal  of  cross  links  from  wool  depresses  this  transition  to 
lower  temperatures.    In  Figure  4  the  solid  line  again  refers  to  normal  wool,  while 
the  dashed  line  is  obtained  by  heating  a  partly  reduced  fiber.    The  transition 
temperature  of  a  fiber  made  from  a  pre-keratin,  which  contains  no  cross  links  at 
all,  was  166°.    This  value  is  accordingly  taken  as  a  lower  limit  for  the  uncross- 
linked  system.    Such  a  rise  of  about  45°  in  a  transition  temperature  as  a  result  of 
crosslinking  is  in  line  with  estimates  which  can  be  made  from  the  work  of 
Schellman  (2)  and  Flory  (3). 

Transition  to  the  random  coil  facilitates  two  chemical  reactions.    One  is  the 
breakage  of  disulfide  cross  links,  leading  to  greatly  increased  solubility  of  the  wool 
in  hydrogen- bond- breaking  solvents  such  as  formic  acid.    At  the  same  time,  the 
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Figure  4:    The  relative  torsional  modulus  (G/G^qq)  of  Lincoln  wool 

fibers  at  various  temperatures,  normal  (dr ied)(solid  line), 
or  partly  reduced  (dashed  line)  showing  the  effect  of  re- 
moving stabilizing  cross  links  depressing  the  tempera- 
ture of  the  helix-coil  transition. 
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Figure  5:    The  relative  torsional  modulus  (G/Gj^qq)  of  Lincoln  wool 

fibers  at  various  temperatures,  normal  (dried),  or  heated 
in  vacuum  at  210  °  C.   increasing  the  helix-coil  transition 
temperature  as  a  result  of  forming  amide  cross  links. 


newly-formed,  mobilized,   amorphous  regions  can  rapidly  rearrange,  permitting 
formation  of  amide  cross  links  which  restabilize  the  structure.     This  can  be  seen 
in  Figure  5,  which  represents  the  RM  curve  of  a  fiber  held  at  210  °  C.  for  many 
hours^   so  that  disulfide  bond  breakage  was  minimized  but  amide  crosslinking  was 
highly  probable.    When,  after  long  heating,   the  fiber  was  taken  to  higher  tempera- 
tures,  the  transition  temperature  was  found  to  have  increased.     This  result  is 
attributed  in  part  to  two  causes:    the  amide  linkage  is  more  thermally  stable  than 
the  carbon- sulfur  bond;  and  the  additional  cross  links  move  the  helix-coil  transition 
to  somewhat  higher  temperatures. 
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The  most  direct  evidence  for  a  helix-coil  transition  beginning  just  above  ZIO  *  C 
IS  obtained  from  X-ray  diffraction  measurements,   as  seen  in  Figure  6.     Both  x-ray 
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Figure  6:  The  torsional  modulus  and  intensity  of  X-ray  diffraction 

characteristic  of  the  5.1A  spacing  due  to  the  a-helix,  from 
Lincoln  wool  fibers  heated  dry,   in  vacuum,  for  10  minutes 
at  various  temperatures.     The  correspondence  of  the  change 
in  torsional  modulus  to  that  of  the  X-ray  diffraction  pattern 
confirms  that  the  former  also  results  from  the  helix-coil 
transition. 

and  modulus  measurements  were  made  on  samples  which  had  been  heated  for 

10  minutes  at  various  temperatures.    From  the  X-ray  diagrams,  the  5.  lA  spacing 

was  used  as  a  measure  of  helix  content,   since  it  is  due  to  the  spacing  of  the  helix 

turns  and  disappears  entirely  when  the  fiber  is  supercontracted  or  otherwise  rendere 

amorphous. 

Formation  and  consequences  of  amide  cross  links.    Direct  evidence  for  the  for- 
mation of  amide  cross  links  has  not  been  obtainable,  since  chemical  treatments 
designed  to  isolate  the  cross  links  cause  their  breakage  (i.e.,   disappearance).  How- 
ever, their  existence  is  inferred  from  three  kinds  of  evidence.     The  first  is  the 
decrease  in  acid  and  base  groups  in  heated  egg  albumin  fibers  already  mentioned 
Correlated  with  the  concomitant  increase  in  modulus,   this  forms  a  strong  case  for 
amide  cross  links.    Additional  evidence  is  the  solubility  of  heated  fibers  in  formic 
acid.    Figure  7  shows  results  of  dissolving  heated  wool  in  two  strengths  of  formic 
acid.    In  this  instance  the  wool  was  heated  at  205  *  C.  under  silicone  oil,  which 
allows  decomposition  products  to  stay  in  contact  with  the  fibers  and  in  general  lowers 
the  degradation  temperature.    The  large    initial  increase  in  solubility  is  due  to 
cleavage  of  disulfide  crosslinks.    The  break  in  the  solubility  curves  after  about  50 
minutes  of  heating  is  due  to  the  two- component  nature  of  wool  and  will  not  be 
discussed  here.    However,  beyond  this  point  solubility  in  88%  formic  acid  continues 
to  increase,  reaching  essentially  100%,  whereas  solubility  in  10%  formic  acid  de- 
creases back  to  a  level  near  50%.    This  is  consistent  with  the  known  weakness  of 
amide  linkages  toward  hydrolysis  and  indicates  that  the  fiber  has  been  considerably 
stabilized  by  bonds  of  this  type.     The  third  bit  of  evidence  is  supplied  by  infrared 
absorption  spectra  of  insoluble  residues  from  heated  fibers  which  were  extracted 
with  88%  or  with  10%  formic  acid:    there  was  no  real  difference  in  absorption  peak 
positions,  although  there  was  some  enhancement  of  the  amide  absorption  region  in 
the  sample  treated  with  the  weaker  acid. 
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Figure  7:   The  fractional  solubility  (S)  in  10%  and  88%  formic  acid 
of  Lincoln  wool  heated  dry  at  205°  C.  under  silicone  oil 
for  various  times.    Amide  cross  link  formation  restricts 
solubility  in  the  more  dilute  acid. 
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Figure  8:    The  composition  of  gases  evolved  from  dry  Lincoln 
wool,  heated  in  vacuum  at  continually  increasing 
temperature,   as  determined  by  mass  spectrometry. 
Maximum  evolution  of  sulfur- containing  gases  occurs 
in  the  neighborhood  of  the  helix-coil  transition. 

Figure  8  shows  the  results  obtained  by  putting  evolved  gas,  from  heating  under 
vacuum  at  continually  increasing  temperature,   into  a  time-of-flight  mass  spectrom- 
eter.   As  expected,  at  lower  temperatures  there  is  a  large  evolution  of  water  which 
appears  to  peak  near  175°  C.    Relatively  few  sulfur- containing  products  appear  until 
the  temperature  reaches  about  200°,  where  their  evolution  becomes  much  more 
pronounced,   in  line  with  the  stability  of  the  disulfide  bond  at  lower  temperatures,  at 
least  under  vacuum. 

Conclus ions .   To  summarize,   effects  of  heat  on  wool  are  of  three  kinds.  First, 
unusual  changes  in  properties  in  the  range  from  100° -175  °C.   can  be  attributed 
mainly  to  changes  in  the  amorphous  regions  of  the  fiber.     In  the  range  of  the  amor- 
phous transition,   about  150  °C.,   the  protein  chains  can  rearrange  to  permit  formation 
of  restabilizing  amide  cross  links.     Under  mild  hydrolytic  conditions  such  effects 
are  reversible.    Second,   in  the  temperature  range  from  200°  to  230°,   changes  in 
properties  are  fairly  reversible  until  the  helix-coil  transition  near  215°  is  mostly 
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complete,  whereupon  disulfide  bond  breakage  becomes  extensive.    As  long  as  the 
fiber  is  kept  dry  and  in  a  non-hydrolytic  environment,   the  amide  cross  links  which 
form  easily  at  these  temperatures  act  to  maintain  a  fairly  high  modulus.  Third, 
above  230  °C.  amide  cross  links  as  well  as  bonds  in  the  main  chain  are  extensively 
destroyed,  with  general  loss  of  mechanical  integrity. 

The  minor  crosslinking  which  occurs  at  the  low  temperature  of  150°  does  appear 
to  decrease  the  breaking  stress  of  fibers  as  measured  at  room  temperature.     This  is 
probably  due  to  local  stresses  set  up  when  the  fiber  is  cooled.     It  is  anticipated  that 
blocking  acid  and  base  sites  in  the  protein  side  chains  would  have  a  salubrious  effect 
m  preventing  such  damage,   and  this  is  indeed  the  case.     Treatment  of  wool  with 
dilute  mixtures  of  zinc  chloride  and  ammonium  thiocyanate  has  caused  strength 
increases  of  20%  or  more  in  wool  heated  at  140  °  C.  in  air  (4),   presumably  by  blocking 
these  reactive  sites. 

Protection  above  200  '  C.  appears  less  easily  possible  because  of  the  inherent 
weakness  of  hydrogen  bonds--the  primary  stabilizing  agency  of  the  a-helix  in  dry 
wool  protein.    Appropriate  crosslinking  between  adjacent  side  chains  or  replace- 
ment of  some  hydrogen  bonds  with  covalent  linkages  would  appear  to  be  the  only  ways. 
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Discussion  of  Dr.  Menefee's  Report 

Comment:    I'm  surprised  that  in  the  analysis  of  the  off-gases  no  ammonia  was  found. 
Menefee:      Ammonia  appears  to  be  removed  from  the  gas  stream  as  "ammonium 
carbonate.  " 

O^Qst^oT^-      How  does  the  glass  transition  temperature  behave  in  the  presence  of  water? 
2^1enefee:      Since  Feughelman  found  in  wet  wool  at  60  °  C.  a  transition  which  is  most 
likely  the  plasticized  glass  transition,   there  would  seem  to  be  a  shift  of  some  100° 
for  33%  water.    It  is  not  expected  that  the  first  adsorbed  water  would  have  as  much 
effect  as  the  last. 

Comment:    In  grafting  there  is  often  a  threshold  value  of  added  water  need  to  permit 
chain  mobility. 

Question:      In  Figure  7,  why  do  the  solubility  curves  for  10%  and  88%  formic  acid 
dive  rge  ? 

Menefee:      We  believe  that  amide  cross  links  formed  are  labile  in  the  concentrated 
but  not  the  dilute  formic  acid. 
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YARN  MECHANICS 


J.  W.  S.  Hearle 
University  of  Manchester,  England 

Introduction.  First  I  should  say  what  a  pleasure  it  is  to  me  to  have  been  invited 
to  this  conference.    I  am  interested  in  the  relation  between  structure  and  physical 
properties  in  fibers  and  textiles,  whether  this  be  at  the  molecular  level  or  at  the 
macroscopic  level.    Wool  is  particularly  fascinating;  because  of  the  complexity  of  its 
structure  it  has  interesting  features  at  many  levels. 

Even  so,  I  find  myself  a  little  out  of  place  at  a  wool  conference.    First,  although 
divisions  between  different  fiber  types  are  fast  disappearing,  my  home  is  Manchester, 
which  is  not  on  the  woolen  side  of  the  Pennines.    Second  my  work  has  not  been  di- 
rectly concerned  with  wool.    Instead,  we  have  mostly  been  preoccupied  with  twisted 
continuous  filament  yarns,  not  primarily  because  of  their  intrinsic  importance  but 
because  of  their  relative  simplicity.    We  felt  it  necessary  to  understand  this  system 
before  attempting  the  more  complicated  problem  of  staple  fiber  yarns.    However,  we 
are  now  at  the  stage  where  we  can  tackle  the  spun  yarn  problem.     This  afternoon  I 
want  to  do  two  things,  first,   to  survey  our  studies  of  yarn  structure  and  mechanics 
and,   second,   to  indicate  how  this  can  help  our  thinking  about  staple  fiber  yarns,  and 
in  particular,  wool  yarns. 

Two  recurrent  themes  may  be  noted:    A,  the  formulation  of  an  idealized  model 
and  theoretical  analysis  of  its  mechanics,  and  B,  observation  of  actual  forms  and 
actual  properties.     These  interact.    A  suggests  what  to  look  for.     B_  suggests  new 
models. 

Yarn  structure.    The  simplest,  idealized  structure  for  a  continuous  filament  yarn 
(Figure  1)  is  a  cylindrical  group  of  filaments,  all  of  which  lie  along  uniform  helices 


Figure  1:    Structure  of  ideal  yarn  model  without  fiber  migration.  The 
outer  filaments  are  progressively  longer  than  the  inner  ones 
per  unit  length  of  yarn. 

having  the  same  axis  and  the  same  number  of  turns  per  unit  length,   but  not  all  at  the 
same  distance  from  the  axis.     The  filaments  are  close  packed  as  in  a  wire  rope. 
The  model  is  important  in  basic  study  of  yarn  geometry  and  mechanics.     It  has  been 
used,  for  example,   by  Piatt  (1).  Hearle  (2),   and  Treloar  (3)  in  discussing  filament 
yarns.     The  model  requires  that  the  length  of  a  filament  per  unit  length  of  yarn  vary 
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with  Us  radial  position.    Because  of  these  length  differences    actual  r„f 

ment  yarns  do  not  attain  this  ideal  structare.  nevertheless To  2\  rTXZLT' 

consider  a  n.ore  elaborate  n,odel  to  account  fairly  well  for  «,efr  proper t"'  il  s) 

the      z~  i^t^i.sf'T^V'^ 

yarns  the  'n.odel  isl^^ftti:  use    n      an  he'^^uS  "^'''7"";'""^*^  ^P- 
from  staple  fibers  one  would  have  to  deliveT  each  ffb!;  f      T  " 
on  its  axial  position.    Even  if  the  model  yarn  could  L  J:de    :h  'r"'  "  M^h'  ''"'"-'"^ 
holding  the  fibers  in  place.     The  model  Jould  have  no  sTren^th    no  ,  "° 

abrasion.    It  is  interesting  to  note  that  SuUivan  lM        ="^"8"^'        "s'^^tance  to 


ts      Jr'a^t       LX"  xLt'  '"^'^^  '°  ^  -^^"'"-^  approximate"  mat  h  ig 

mean  radial  distanc;  fr'rj  yairaL-s'^^t'ro^r'"- 

mean,   the  migration  intens^^  (a  meaTr'e  ^f  the  r'ST^h::"'  f      H  "l""  ''""^  '"'^ 
respect  to  leng«.,  and  the  equivalent  migration  fre^ueLy   ^  1  ^Imrr'T 
riCriffecr  "  ^"-"^  mTg?at"n1nd 

A  typical  migration  pattern  shows  both  long  and  short  term  effect-     F„r  , 
m  an  early  experiment  (7)  the  frequency  with  which  fibers    evTr     d  t^eir  di- e  «     ' f^' 
migration  was  found  to  increase  with  both  count  and  twist  factor   1  mame:;  :  ! 

uLToTtl::';:;:.  — -  -  o-tur 

c     t'^,'f?K°°  'P""  """^  continuous-filament  yarns.    Its  occurrence  is 

controlled  by  tension  and  differences  in  tension  among  the  fibers.    In  the  yarn  the 
fibers  are  delivered  at  the  same  rate,  but  those  on  the  outside  of  the  twisted  yarn 

r/t^e---re%Trrs;x%:?rerrie-^ 

'Lmlrfr^I-tlier-of  r  fpitirg  -  ^  i^a^tlf ^  ^ -^i^i 

=J:iii-ero?a-f:^re— st:^^ 

accordingly  promptly  expelled  to  the  yarn  surface  where  it  appears  as  a  prolecting 
fiber      The  greater  the  amount  of  twist,  tte  shorter  the  length  of  yarn  that  r^ZlT 

f^eTufncTrf  m^ttr::"^"^ -  - 

Conditions  affecting  migration  have  also  been  studied  by  means  of  continuous 
tZ       Z  'd<=n'i«able  strands.     The  centrll  component  tends  to  stay 

m  the  middle  as  long  as  it  has  any  tension.    As  soon  as  it  accumulates  enough  slack 
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to  buckle  to  a  certain  critical  extent,   it  moves  to  the  outside.    Accordingly,  low 
rw.isting  tension  favors  migration.    Migration  is  approximately  random  among  the 
various  components. 

Cylindrical  and  ribbon  twisting.  In  the  studies  so  far  described,   a  yarn  has  been 
taken  to  have  fundamentally  a  cylindrical  form  with  more  or  less  random  radial 
distribution  of  its  elements,   influenced,  however,   by  relative  tensions.     The  fibers 
are  actually  delivered  to  the  twisting  zone  as  a  more  or  less  flat,   spread-out  band. 
When  a  yarn  is  untwisted,   indications  of  this  origin  are  sometimes  evident.  Actually, 
two  types  of  ribbon  twisting  occur,  which  may  be  distinguished  as  giving  twisted  and 
wrapped  structures. 

In  a  twisted  structure,   the  paths  of  individual  fibers  over  short  distances  approxi- 
mate those  that  would  result  if  the  whole  assembly  were  a  plastic  continuum  subject 
to  torsion  about  its  axis.    In  a  wrapped  structure,   the  original  a:xis  of  the  assembly 
comes  to  approximate  a  helical  path  about  a  new  assembly  axis.    Over  short  distances, 
individual  fiber  elements  tend  to  maintain  their  relative  positions  with  respect  to 
both  the  old  and  new  axes.     The  type  of  twisting  is  influenced  by  the  tension  and  dis- 
tance between  the  nip  of  the  front  rollers  and  the  twisting  zone. 

These  differences  in  structure  give  rise  to  differences  in  the  pattern  of  fiber 
migration,  so  that  differences  in  the  distribution  of  tracer  fibers  can  be  seen  in  a 
cross  section. 

When  these  considerations  are  applied  to  spun  staple  yarns,   again  the  period  of 
fiber  migration  is  related  to  the  period  of  twist.    Again,  long-period  effects  related 
to  roving  twist  can  be  distinguished  from  short-period  effects  related  to  spinning 
twist.    High  spinning  tension  affects  migration  both  directly  and  by  influencing  the 
character  of  the  twist.    (These  factors  have  been  discussed  in  a  recent  thesis  by 
Merchant  at  Manchester.  )    The  practical  possibility  of  controlling  yarn  structure 
has  been  studied,  for  example,   by  spinning  two  rovings  together,  one  with  tracer 
fibers.    When  a  wrapped  structure  is  formed,   the  yarn  shows  radial  differentiation 
in  the  distribution  of  the  fibers.     If  twisting  is  forced  into  the  cylindrical  form, 
bilateral  differentiation  develops. 

Mechanics.    We  now  summarize  the  predicted  and  observed  tensile  behavior  of 
continuous  filament  (8)  and  spun  yarns.     Consider  first  the  ideal  model  for  continuous 
filament  yarn.     When  this  is  extended,   the  filament  at  the  axis  will  be  stretched  most. 
Its  extension  will  equal  that  of  the  yarn.    Filaments  away  from  the  center,  because 
they  are  not  parallel  to  the  axis,  will  be  extended  less  and  less  as  they  lie  nearer  the 
outside  of  the  yarn,   in  proportion  to  the  factor  cos^6,  where  0  is  the  angle  between 
the  yarn  axis  and  the  filament  direction.     When  fiber  obliquity  is  thus  taken  into 
account,   the  tension  in  individual  filaments  can  be  calculated  and  similarly  the  com- 
ponents of  tension  due  to  filaments  at  the  various  distances  from  the  axis,   the  total 
tension  in  the  yarn,  and  the  yarn  modulus. 

A  more  elaborate  theory  is  needed  when  it  is  necessary  to  take  transverse  forces 
into  account;   as  for  spun  yarns  in  particular.    In  this  case  the  stresses  on  an  element 
of  volume  in  the  yarn  are  considered,   taking  into  account  radial  equilibrium  (3) 
between  transverse  and  axial  stress.     The  ratio  of  yarn  modulus  to  fiber  modulus  can 
be  computed.     The  theory  requires  that  yarn  modulus  decrease  with  increasing  twist 
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in  a  way  that  agrees  reasonably  well  with  theory. 


Breakage  (9).    In  theory,  yarn  breaking  extension  is  independent  of  the  degree  of 
twist  and  tenacity  should  be  affected  in  the  same  way  as  the  modulus.     In  theory,  as 
a  yarn  is  stretched,   the  first  filament  to  reach  breaking  extension  will  be  at  or  near 
the  axis;  its  extension  will  approximate  the  yarn  extension  regardless  of  twist. 
Experiment  shows  this  to  be  approximately  true  for  some  viscose  yarns.  However, 
especially  in  other  cases,   details  of  the  actual  behavior  remain  to  be  explained,  such 
as  the  relatively  large  yarn  deformations  and  often  observed  deviations  from  Hooke's 
law.     The  breaking  extension  of  acetate  yarn  rises,   then  falls  as  the  degree  of  twist 
increases;  in  this  case  twisting  results  in  permanent  deformation  of  the  filaments  in 
the  outer  layers,  decreasing  further  extensibility.    Nylon  and  polyester  yarns  behave 
in  the  opposite  way.    Their  breaking  extension  ultimately  increases  with  twist  (some- 
times after  an  initial  fall).    In  these  cases  twisting  leads  to  buckling  of  filaments  in 
the  central  layers,  which  can  then  permit  greater  yarn  extension  than  would  be 
predicted  without  taking  this  effect  into  account. 

Considering  the  entire  load-extension  behavior,   twisting  has  two  main  effects. 
First,   because  the  different  filaments  are  not  all  stressed  to  the  same  degree,  their 
yield  points  will  occur  at  different  degrees  of  yarn  extension,   so  that  the  yarn  will 
not  show  comparable  yield  behavior.    Second,   breakage  becomes  sharp. 

K  a  fiber  is  taken  to  have  no  contribution  to  yarn  strength  after  it  is  broken,  the 
load,  after  breakage  starts,  will  decrease  progressively  to  zero  as  the  outer  fibers 
reach  breaking  extension.    The  ultimate  yarn  stress  of  low-twist  yarns  will  approach 
the  fiber  tenacity  and  fall  rapidly  after  breakage  begins.    On  the  other  hand,  the 
ultimate  stress  of  high-twist  yarns  is  predicted  to  be  much  lower--perhaps  one-third 
of  the  fiber  tenacity- -but  the  stress  decreases  much  more  gradually  after  the  beginning 
of  failure  and  the  extension  is  correspondingly  increased. 

In  actual  experience,   in  low-twist  yarns  with  little  fiber  cohesion,   tension  falls 
during  breakage  in  small  steps  showing  the  breakage  of  individual  filaments.    But  for 
yarns  with  high  twist,   in  a  specimen  of  ordinary  length,  breakage  is  sharp;  once 
breakage  begins,   the  load  goes  to  zero  more  rapidly  than  the  machine  can  measure. 
This  difference  from  the  prediction  of  the  preceding  paragraph  results  from  elastic 
energy  stored  in  the  yarn.    Because  of  the  twist,  the  broken  filaments  at  some 
distance  from  the  break  still  participate  effectively  in  the  structure.     They  contribute 
to  the  tension  of  neighboring  fibers,  which  after  the  initial  failure  quickly  becomes 
greater  than  can  be  supported.    The  break  is  therefore  propagated  rapidly. 

In  short  (1  or  2  cm.  )  test  specimens,   the  stored  energy  may  be  insufficient  to  give 
completely  sharp  breakage.    In  this  case,  with  low  enough  rate  of  extension  an  initial 
sharp  partial  break  may  continue  in  small  steps.    When  tension  is  released  after  the 
initial  failure,  breakage  is  found  to  be  unsymmetrical:    both  surface  and  interior 
filaments  are  found  unbroken  on  one  side  of  the  yarn. 

Application  to  spun  yarns.  Full  theoretical  analysis  of  spun  yarn  mechanics  is 
difficult  because  we  must  consider  fiber  end  effects--slippage  and  friction- -and  also 
fiber  migration.    We  attack  the  problem  as  follows.    A  model  is  chosen  with  ideal 
migration,   in  which  each  fiber  moves  regularly  between  the  axis  and  periphery, 
resulting  in  a  uniformly  packed  structure  defined  by  the  migration  period.    The  fibers 
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follow  equivalent  paths  and  their  ends  are  distributed  at  random.  The  migration 
period  is  taken  to  be  much  longer  than  the  length  of  one  turn  of  twist. 


If  such  a  yarn  is  extended,   the  individual  fiber  extensions  will  depend  on  radial 
position  just  as  in  the  case  of  continuous  filament  yarns,  except  for  effects  of  slip- 
page, which  will  be  taken  into  account  presently.     The  tensions  developed  in  the  in- 
dividual fibers  are  accordingly  also  governed  by  radial  position,  varying  along  the 
length  of  a  fiber  as  it  migrates  between  the  inside  and  outside  of  the  yarn.    Near  an 
end,  however,   the  fiber  cannot  support  full  tension.     Consequently  the  portions  near 
the  ends  slip  until  the  tension  falls  to  a  value  that  can  be  supported.     This  maximum 
tension  that  can  be  supported  is  calculated  from  the  transverse  force  calculated  from 
the  model  and  the  coefficient  of  friction,  assuming  the  validity  of  Amonton's  law. 

Taking  these  considerations  into  account,  together  with  the  direction  of  migration 
ajtid  the  distance  from  an  end,  the  tension'  on  any  particular  element  of  volume  in  the 
yarn  can  be  related  to  the  transverse  forces.     The  additional  relationship  between 
tensile  and  transverse  stress  needed  for  a  solution  is  given  by  the  condition  for  radial 
equilibrium  among  the  fibers  (2,  3).     This  analysis  yields  a  set  of  18  equations  which 
cannot  be  solved  analytically  but  can  be  solved  numerically  by  successive  approxima- 
tions.    The  necessary  parameters  are  the  fiber  modulus,  length,  fineness,  friction, 
and  Poisson's  ratio,  together  with  the  yarn  twist,  migration,  and  contraction  ratio. 
The  computation  has  not  yet  been  carried  out,  but  it  is  feasible  with  modern  computers. 
A  crude  approximation  gives  the  result  that: 


This  relation  applies  strictly  only  to  the  surface  layer  of  a  fairly  high-twist  yarn, 
with  a  relatively  long  migration  period  and  relatively  long  fibers.    The  fibers  are 
assumed  to  be  gripped  a  short  distance  in  from  the  surface  along  the  migration  path. 
Poisson's  ratio  is  taken  to  be  0.  5  and  the  yarn  lateral  contraction  zero. 


in  which 


a.  is  the  angle  of  twist; 

L,f  is  the  fiber  length  (cm.); 

a  is  the  fiber  radius  (cm.  ); 

Q  is  the  period  of  migration  along  the  fiber  (cm.  ); 

\i  is  the  coefficient  of  friction. 


Yarn  modulus  ^  q^^I  a  [l-Z  cosec 
Fiber  modulus  3  l 


and 


Stress 


Varying  stress  along  single  strand 
of  continuous  filament  yarn 


J  


- — Length  along  fiber — - 

Figure  Z:    Changes  in  tension  along  a  filament  in  a  (stretched)  yarn 
with  fiber  migration.     The  "loss"  in  tension  at  the  ends 
of  a  staple  fiber  is  illustrated. 


Ill 


Qualitative  description.    The  relationships  discussed  may  be  summarized  as 
follows.     When  a  continuous-filament  yarn  is  stretched,  the  stress  along  a  particular 
filament  (Figure  2)  will  vary  with  its  angle  of  inclination  to  the  yarn  axis  and  its 
distance  from  the  axis.     The  differences  will  be  maintained  by  interfiber  friction  and 
transverse  pressure.     The  same  relationships  occur  in  spun  yarns,   but  in  addition 
the  regions  near  the  fiber  ends  will  not  support  full  stress.     Thus,  the  yarn  modulus 
of  a  continuous  filament  yarn  decreases  as  it  is  twisted  in  proportion  to  the  squared 
cosine  of  twist  angle,  a.,   but  the  modulus  of  a  spun  yarn  also  falls  off  at  low  values  of 
twist  because  the  transverse  forces  become  too  small  to  limit  slippage,  which  varies 
inversely  as  (1  -  k  cosec  o-).    These  relationships  are  shown  in  Figure  3.     The  pro- 
portional "loss"  in  tension  supported  by  a  fiber  in  a  spun  yarn,  diagrammed  as  in 
Figure  2,  will  be  less  for  spun  yarns  with  longer  fibers  (Figure  4a)  or  greater  inter- 
fiber friction,   but  will  increase  as  yarn  twist  decreases,   since  the  degree  of  twist 
has  the  effect  of  determining  the  distance  at  the  fiber  ends  that  cannot  support  full 
stress  (Figure  4b). 

The  tensile  strength  of  either  a  continuous -filament  yarn  or  spun  yarn  (Figure  5) 
will  be  approximately  proportional  to  its  modulus  at  various  degrees  of  twist,  except 
for  continuous  filament  yarns  with  low  twist;  for  these  the  strength  is  less  relative  to 
the  modulus  because  of  the  lack  of  mutual  support  of  the  individual  filaments.     In  spun 
yarns  the  strength  and  modulus  decrease  together  at  low  twist.    One  subtle  difference 
should  be  noted  from  the  traditional  view  that  spun  yarn  breakage  is  a  combination  of 
fiber  slippage  and  breakage:    only  at  very  low  twist  will  a  yarn  fail  by  individual  fibers 
slipping  past  one  another  without  breaking.    Otherwise  breakage  is  always  initiated  by 
fiber  breakage:    yarn  tenacity  is  limited  by  fiber  tenacity  and  will  be  less  than  the 
fiber  tenacity  in  about  the  same  proportion  that  the  yarn  modulus  is  less  than  the 
fiber  modulus,  except  for  discrepancies  due  to  the  larger  extensions. 

Yarn  modulus 
Fiber  modulus 
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Figure  3:    Dependence  of  yarn  modulus  on  twist  in  continuous  and 
spun  staple  yarns,   showing  the  separate  effects  of  fiber 
obliquity  (cos^  cl)  and  slippage  (1  -  k  cosec  a,). 
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Stress  in  single  fiber 


^Length  along  fiber- 
(b) 


Length  along  fiber- 


Length  along  fiber 


  Loss  of  tension 

due  to  fiber  ends 
is  relatively  less  important 
in  fiber  with  higher  twist. 


Figure  4:    Changes  in  tension  along  a  filament  in  a  (stretched)  yarn 
with  fiber  migration,   illustrating  the  effects  of  (a)  length 
and  (b)  twist. 


Direction  of  further  studies.  Further  work  on  this  subject  inevitably  requires 
two  aspects.     We  need  to  complete  and  refine  the  theory  to  give  a  clearer  basis  for 
understanding.    But  more  experimental  work  is  also  badly  needed.     There  is  a  dearth 
of  successful,   informative  studies--particularly  those  relating  modulus  and  migra- 
tion period--and  it  is  also  essential  to  analyze  deviations  from  theoretical  predictions. 

The  practical  results  should  be  that  yarn  properties  can  be  controlled  and 
optimized  through  control  of  structure.     New  fibers  and  blends  will  be  able  to  be  used 
to  best  advantage.    More  effective  methods  of  spinning  may  be  developed.     In  short, 
we  have  been  dealing  in  fundamental  terms  with  a  fundamental  problem  in  the  utiliza- 
tion of  textile  materials.    New  insight  has  been  gained;  the  theoretical  analysis  can 
be  extended  meaningfully  to  spun  stable  fibers  such  as  wool.     We  look  forward  hope- 
fully to  practical  application. 
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Figure  5:    The  relationship  of  yarn  strength  and  modulus  for 
(a)  continuous  filament  and  (b)  spun  staple  yarns. 
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IMPROVEMENTS  IN  TEXTILE  INSTRUMENTATION 

Walter  J.  Thorsen 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

Our  objectives  are  to  develop  and  improve  instruments  needed  to  measure  and 
evaluate  physical  properties  of  natural  and  modified  wool  fibers,  yarns,  and  fabrics. 
At  this  time  I  want  to  describe  three  instruments:    First,  a  computer  which  greatly 
increases  the  speed  and  precision  of  evaluating  stress- strain  measurements;  second, 
apparatus  for  measuring  creases  in  trousers;  and  third,   a  sound  analyzer  which  we 
use  to  study  changes  in  fabric  hand. 

An  analog  computer  for  mechanical  properties.   The  computer  which  I  want  to 
describe  is  attached  to  a  standard  Instron  tensile  tester.    It  is  well  adapted  for 
analyzing  the  stress- strain  behavior  of  single  wet  wool  fibers  to  determine  properties 
such  as  stiffness  (Young's  modulus),  yield  stress,  etc.  Its  operation  has  been  de- 
scribed in  detail  (1).     I  want  to  review  it  briefly  and  mention  just  one  recent  applica- 
tion. 

When  the  tensile  tester  pulls  on  a  specimen,   it  produces  an  autographic  record, 
such  as  Figure  1,  of  the  load  as  a  function  of  extension.    Fundamental  properties  such 
as  Young's  modulus  and  yield  stress  can  be  estimated  by  measuring  the  record  and 
calculating  "by  hand.  "    Particularly  with  wool,   such  measurements  depend  heavily  on 
personal  judgment,   so  that  it  is  practically  impossible  to  measure  enough  fibers  con- 
sistently and  rapidly  enough  for  routine  use. 

The  situation  can  be  understood  by  analyzing  the  typical  record  shown  as  Figure  1 
The  slope  or  steepness  of  the  curve  at  line  A  defines  the  fiber  stiffness  or  Young's 
modulus.     To  estimate  the  yield  stress,  a  second  line,  B,   is  drawn  through  the 
"straight  line"  portion  of  the  curve.     The  intersection  of  A  and  B  is  taken  to  define 
the  yield  stress.     To  get  results  in  standard  units,   the  length  and  diameter  of  the 
specimen  must  be  taken  into  account.    Areas  have  to  be  measured  if  we  want  to 
determine  work  or  energy  changes. 
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Strom  (e) 

Figure  1:    Typical  load- -elongation  record  for  a  wet  wool  fiber. 


By  appropriate  mathematical  analysis,  we  can  use  an  analog  computer  to  define 
the  characteristic  slopes  and  inflection  points  consistently.    Figure  2  indicates  the 
process  used.     It  shows  the  stress-strain  curve  with  its  first,   second,  and  third 
derivatives.    At  the  point  of  inflection  taken  to  define  the  characteristic  Young's 
modulus,  the  second  derivative  becomes  zero.    When  this  happens,  a  special  switching 
circuit  arranges  to  "store  in  memory"  the  value  of  the  slope  (first  derivative,  pro- 
portional to  Young's  modulus)  at  this  point.     The  third  derivative  is  used  similarly 
to  signal  when  the  curve  has  a  minimum  radius  of  curvature.     The  load  at  this  point 
is  stored  to  give  the  yield  stress.    Appropriate  circuits  are  arranged  to  allow  for 
fiber  diameter  and  length,  to  integrate  to  find  energy  changes,  etc. 

Figure  3  shows  the  computer  set  up  for  use  next  to  the  Instron  tester.  The 
meters  display  six  selected  parameters  from  the  memory  circuits  in  addition  to  the 
fiber  stress  and  strain.     To  compare  computer  values  with  those  worked  out  by  hand, 
a  single  wet  fiber  was  tested  repeatedly.    Table  1  compares  the  variability  of  Young's 
modulus  found  by  the  two  methods.     The  variance  of  the  computer  values  is  0.  OZ,  the 
variance  of  those  measured  and  computed  by  hand,   Z3.  8.    This  means  that  in  six 
measurements  the  computer  can  detect  a  signficant  difference  of  0.  Z7%  (at  the  95% 
probability  level),  whereas  such  a  small  change  cannot  be  confirmed  by  hand  even 
with  an  infinite  number  of  tests. 
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Figure  2:    The  stress-strain  curve  for  a  typical  wet  wool  fiber, 
with  its  first,  second,  and  third  derivatives. 

115 


Figure  3:    Analog  computer  set  up  with  Instron  tensile  tester  to  dis- 
play six  fiber  properties  in  addition  to  stress  and  strain. 


Table  1, — The  precision  of  hand  and  computer  evaluation  of  Young's  modulus, 

 Young's  modulus,  grams  per  tex 

Test  cycle  Computer  calculated  Hand  calculated 

4  110.1  103.7 

5  110.2  110.9 

6  110.1  107.2 

7  110.4  109.0 

8  110.4  114.8 

9  110.1  116.9 
Variance;  0.02  23.8 


To  illustrate  the  sensitivity  of  the  computer  in  defining  small  changes  due  to 
change  in  chemical  environment,   Table  2  shows  the  increase  in  Young's  modulus 
when  a  fiber  is  transferred  from  water  to  O.IM  copper  (II)  nitrate.     The  effect  may 
be  similar  to  the  crosslinking  effect  of  mercury  (II)  ions  reported  by  Speakman  (2). 

Crease  profile  measurement.  A  newer  device  measures  creases  in  trousers.  It 
is  based  on  an  earlier  instrument  developed  to  measure  fabric  wr inkledne s s .     In  the 
earlier  instrument,   a  swatch  on  a  rotating  table  moves  under  a  counterbalanced 
probe  which  moves  up  and  down  following  the  fabric  surface.     The  probe  is  mounted 
on  a  microtorque  potentiometer  which  converts  the  vertical  displacement  to  a  voltage 
which  is  recorded. 
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Table  2. — The  effect  of  copper  nitrate  on  Young's  modulus. 


Test  cycle 


Young's  modulus, 
grams  per  tex 


Distilled  water 

1  102.3 

2  107.7 

3  108.5 

4  110.1 

5  110.2 

6  110.1 

7  110.4 

8  110.4 

9  110.1 


Young's  modulus. 
Test  cycle  grams  per  tex 

O.IM  CuCNO^y^ 

10  datum  lost 

11  112.3 

12  112.3 

13  112.0 

14  112.0 
Distilled  water 

15  109.6 

16  110.1 

17  109.8 

18  110.0 


Figure  4  shows  how  a  trousers  crease  is  measured  by  the  same  principle.  A 
trouser  leg  is  supported  on  two  parallel  cantilevered  rods  with  adjustable  spacing, 
an  arrangement  suggested  by  Clay  Pardo  of  this  laboratory.     The  test  sample  is 
stationary,  while  the  potentiometer  with  the  probe  is  moved  horizontally,  scanning 
the  crease  at  right  angles  as  shown  in  the  figure. 

Typical  crease  profiles  in  Figure  5  were  obtained  from  (a)  fabric  creased  in  the 
usual  way  and  (b)  the  same  fabric  creased  with  monoethanolamine  (3).     The  upper 
curves  show  the  creases  as  pressed;  the  lower  ones  after  wetting  out.     The  effective- 
ness of  the  crease  setting  treatment  is  evident.    For  quantitative  measurement,  we 
at  present  determine  the  height  and  width  at  half-maximum  height.     The  ratio  of 
height  to  width  defines  crease  sharpness. 


Figure  4:    Apparatus  for  recording  trousers  crease  profile. 
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Untreated  crease 


Before  wetting 


IVIeasured  9  from  cuff 


Crease  treated  with  monoetfianolamine 


After  wetting 


Vertical  Dimension  Magnified 


Figure  5:    Typical  trousers  crease  profiles:  left  pair,  steam  pressed 
as  usual;  right  pair^  treated  with  monoethanolamine  and 
steam  pressed;  upper  pair^.  as  pressed;  lower  pair^  after 
wetting  out  with  water  and  drying. 


Analysis  of  sound  spectra  of  rubbing  fabric  and  fiber  masses.  Another  instru- 
ment described  earlier  (4,  5)  measures  the  frequency  distribution  of  sound  intensity 
produced  by  fiber  masses  or  fabrics  rubbing  against  themselves  or  other  selected 
material.    Figure  6  illustrates  the  method.    A  fabric  specimen  is  rubbed  by  a 
rotating  head.     The  sound  generated  is  picked  up  by  a  microphone.     The  electric 
signal  is  amplified  and  fed  into  a  wave  analyzer,  from  which  we  get  a  plot  of  sound 
intensity  at  various  frequencies. 


MICROPHONE 


AMPLIFIER 


Figure  6:    Diagram  showing  the 

method  of  sound  spectrum 
analysis  of  rubbing  fabrics 
or  fiber  masses. 


FREQUENCY 


WAVE 
ANALYZER 


Results  for  three  fabrics  are  shown  in  Figure  7:    untreated  (lightly  dotted  line), 
treated  with  ozone  and  dry  steam  (heavy  line),   which  harshens  the  fabric  slightly,  an 
third,  the  ozonized  fabric  treated  also  with  0.1  N  HCl  for  three  minutes  (heavy  dashe 
line),  which  softens  it.     The  sound  spectra  reflect  small  differences  in  hand  actually 
observed. 


118 


100 


•o  90 


CM 

§  80 
O 

d 

2  70 


«  60 


50  - 


O  40 


30 


Control  flannel 
Treated  O3  and  steam  75°C 
Treated  O3  and  steam 
plus  0.1  N  HCI  3  min 


20  100  1000 

Frequency  in  cycles  per  second 


Figure  7:    Sound  spectra  of 

normal  and  ozonized  fabric 
and  also  ozonized  fabric 
after-treated  with  0,  1  N  HCI, 
believed  to  reflect  differ- 
ences in  hand.  Ozonization 
harshens,   the  aftertreat- 
ment  softens  the  fabric. 
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Figure  8:    Spectral  distribution 
of  sound  produced  by  South- 
dale  wool  in  various  stages 
of  mechanical  processing. 
Sample  B  is  a  duplicate  of 
the  sliver  from  the  second 
autoleveller  treatment  after 
combing.    A  and  C  are  slivers 
which  have  been  further  un- 
crimped  by  passing  over  a 
hot  roll.     When  the  more 
highly  combed  and  straight- 
ened sample  A  is  steamed, 
it  reverts  to  its  original 
crimpy  appearance  and 
sound  spectrum. 


Figure  8  shows  effects  of  various  mill  processes  such  as  pin  drafting  and  auto- 
leveling  on  the  acoustical  analysis.    You  will  recall  that  Mr.   Windle  this  morning 
described  systematic  changes  in  free  radical  content  of  wool  during  mechanical 
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processing  operations.    Our  apparatus  also  shows  changes.    Comparison  of  curves 
C  and  A,  for  example,   shows  the  result  of  straightening  the  fibers  by  passage  over 
a  hot  roll.    When  the  fibers  giving  curve  A  are  steamed,   relcLxing  them,   they  then 
produce  a  curve  almost  identical  with  that  of  the  original  card  sliver. 

I  find  each  of  these  instruments  useful  for  the  purposes  described  and  believe 
that  they  deserve  wider  study  and  use. 
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EFFECTS  OF  FINISHING  TREATMENTS  ON  WOOL  FABRIC  PROPERTIES 

Gosta  Silen,   Liisa  Pakkala,   and  Carin  Kahlson 
Wool  Textile  Research  Institute,  Helsinki,  Finland 

Up  to  the  present  day  the  finishing  routine  in  the  wool  industry  has  been  chiefly 
empirical.    It  is  not  yet  generally  known  what  kind  of  influence  the  different  finishing 
processes  may  have  on  the  fabric  handle,   tailoring  qualities,  and  wearing  properties 
of  wool  fabrics.    For  our  research  project,  three  different  grades  of  wool  top--fine, 
medium,  and  coarse--were  used  as  follows: 

Coarse  wool:  Bloch  Behrens  56s  oil  20345 

Medium  wool:  Hart  A  286  60s 

Fine  wool:  Toulemonde  66s 

Each  top  was  spun  into  yarn  and  then  woven  into  fabrics  of  three  different  structures, 
plain  weave,   panama,  and  twill.    Half  of  the  fabrics  were  woven  from  top-dyed  yarn; 
the  other  half  were  dyed  in  the  piece.     I  shall  talk  chiefly  about  piece-dyed  fabrics 
because  piece  dyeing  causes  more  numerous  and  serious  problems. 

Preliminary  Experiments 

To  compare  open-width  scouring  with  rope  scouring  and  crab  setting  with 
chemical  setting  and  to  ascertain  optimum  dyeing  methods,  preliminary  experiments 
were  carried  out  according  to  the  following  plan: 

Scouring:   Open- width    Rope   

Setting:  None         Crab     Chemical    None         Crab  Chemical 

Dyeing  pH:235      235      235      235      235  235 
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All  pieces  were  blown.     The  code  numbers  after  dyeing  indicate  the  type  of  dye  used 
and  pH  of  dyeing  as  follows:    Z  =  1:1  chromium- complex  dyed  at  pH  1.  7-1.  8;  3  =  acid 
dye,  dyed  at  pH  2.  8-3.-0;  5  =  1:2  metal- complex,  dyed  at  pH  4.  5. 


Open  width  scouring.    The  test  piece  was  immersed  in  the  soap  and  soda  ash 
solution.     The  final  pH  was  9.  5.    After  four  minutes  the  wetted  fabric  was  run  through 
squeeze  rolls  (squeezing  pressure  3  tons  per  approx.  160  cm),  which  served  as  an 
open-width  scouring  machine.    For  rinsing,  the  fabric  was  then  sprayed  with  warm 
water  (35  °C.)  and  passed  through  squeeze  rolls.     Ten  rinse  cycles  were  used. 


Rope  scouring.  Rope  scouring  was  carried  out  in  a  Hemmer  high-speed  rope 
scouring  machine  (1).     Test  pieces  were  scoured  at  the  same  time  as  other  pieces  in 
a  normally  filled  machine.     The  final  pH  of  the  scouring  liquid  was  9.  8.     The  scouring 
time  was  30  minutes  (speed  200  meters/min.  )  and  rinsing  time,  1-1/2  hours  (speed 
150  meters/min.  ).    In  this  operation  the  pieces  were  squeezed  100  times  in  soap  solu- 
tion and  220  times  in  rinse  water. 


Flat- setting .  By  "setting  treatment"  is  meant  the  treatment  used  to  fix,  more  or 
less  permanently,   the  fibers  and  the  yarns  in  the  fabric  in  their  finished  shape.  The 
immediate  aim  of  flat-setting  is  to  produce  fabric  with  excellent  surface  smoothness. 
This  implies  that  the  crimp  of  both  the  warp  and  weft  must  be  set.    Flat- setting 
experiments  can  be  carried  out  in  many  ways.    However,   the  amount  of  crimp  in  the 
weft  and  warp  directions  depends  very  much  on  the  relative  tension  during  setting  as 
best  illustrated  diagrammatically: 


Setting  conditions 
warp  tension 


Yarns  in  the  set  fabric 


warp 


warp  tension 
weft  tension 
weft  tension 


yvwvwiA 

yWVAAAAA 


weft 

warp 

weft 


The  properties  of  the  set  fabric  depend  partly  on  the  crimp  of  the  weft  and  warp  yarni 
To  be  able  to  produce  fabrics  with  desired  properties  one  must  be  able  to  carry  out 
the  setting  process  under  effective  control  of  weft  and  warp  tensions.     The  smaller 
fabric  pieces  were  easily  controlled  by  fastening  in  frames  to  prevent  dimensional 
change.    However,  when  bigger  pieces  of  fabric  had  to  be  set  under  "realistic"  con- 
ditions which  might  also  be  applied  on  a  technical  scale,  we  found  it  expedient  to  use 
the  old  familiar  crabbing  unit,   although  we  knew  that  complete  tension  control  was 
not  possible,   especially  in  the  weft-direction. 

Crab-setting  is  usually  carried  out  in  hot  or  boiling  water.    However,   we  wished 
to  make  the  setting  more  effective  by  adding  bisulfite,  for  instance.     To  ensure  a 
uniform  chemical  effect,   we  made  a  jigger  type  crabbing  unit  in  which  the  fabric  was 
drawn  backward  and  forward  through  the  setting  bath.     To  prevent  excessive  stretch, 
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the  top  roller  was  moved  after  each  run  onto  the  roller  receiving  the  fabric. 

Dyfeui^,    The  dyeing  procedure  was  planned  to  enable  the  effect  on  the  appearance 
of  the  fabric  surface  to  be  ascertained.    When  a  winch  is  used  for  dyeing  small  pieces 
m  rope  form,  the  fabricpersists  in  running  more  or  less  in  the  same  folds    the  di- 
rection of  these  being  quite  fixed.    For  this  reason  we  considered  it  wiser  to  carry 
out  preliminary  dyeing  experiments  in  an  open  dye  vessel  with  liquorrgoods  ratio  of 
100:1,   stirred  by  hand.    Any  faults  that  may  occur  under  these  conditions  are  of  a 
random  character.    The  types  of  dye  and  dyeing  conditions  have  been  noted  already. 

Results  of  the  preliminary  experiments.  The  scouring  methods  compared  differ 
widely  m  the  mechanical  work  to  which  the  goods  are  subjected.     The  open-width 
process  used  only  11  squeezes,   in  contrast  to  the  320  used  in  rope  scouring  The 
scouring  agents  were  identical.    Extractions  with  ether-alcohol  show  that  the  cleansing 
effects  of  the  two  methods  were  the  same.    Some  significant  differences  anticipated  in 
the  fundamental  properties  of  the  differently  scoured  and  treated  fabrics  did  not  be- 
come evident.    One  notable  difference  was  that  the  rope-scoured  ("worked  up")  fabrics 
dyed  more  levelly  than  the  fabrics  not  "worked  up"  (open-width  scoured).  Another 
important  difference  was  that  rope  scouring  impaired  the  surface  smoothness  of  the 
fabrics.    Best  surface  smoothness  was  obtained  with  open-width  scouring  at  pH  2. 
Best  levelness  of  dyeing  was  obtained  with  rope  scouring  at  pH  2.    The  best  results 
with  regard  to  both  surface  smoothness  and  levelness  of  dyeing  were  obtained  with 
open-width  scouring  at  pH  2.     These  observations  are  true  for  both  methods  of  setting. 
To  achieve  both  best  surface  smoothness  (excellent)  and  best  levelness  of  dyeing 
(excellent),  open-width  scouring  ought  either  to  be  more  powerful  or  else  the  tendency 
of  rope  scouring  to  cause  creases  and  weave  distortion  should  be  reduced.  The 
former  alternative  seems  to  us  the  more  promising  at  the  moment. 

Because  crabbing  and  chemical  setting  proved  to  be  equal  in  effect,  it  seems 
natural  that  crabbing  was  chosen  as  the  setting  method.    However,  effectiveness  of 
crabbing  can  be  increased  still  further  at  higher  pH  (Speakman).    According  to  our 
experiments,  residual  alkali  left  in  the  fabric  after  scouring  can  be  utilized  in  this 
way.    Dyeing  with  1:1  chromium- complex  dyes  (low  pH)  gave  the  best  (good  to  excellent) 
results  for  levelness  and  fabric  smoothness  under  all  conditions. 

Pilot  plant  trials.   On  the  basis  of  these  preliminary  experiments,  we  carried  out 
our  pilot  plant  experiments  using  10-to  20-meter  pieces.    To  increase  the  homogenizing 
effect  of  the  open-width  scouring,   the  fabrics  were  run  20  times  through  the  squeeze 
rolls  during  scouring.    After  being  scoured,  the  pieces  were  crab- set,  then  dyed  at 
pH  1.  7  to  1.  8  in  rope  form  in  a  winch  machine.    Finally,  after  being  tentered,  the 
pieces  were  lightly  blown.    All  our  undyed  (white)  weaves  were  finished  according  to 
this  procedure.    All  experimental  fabrics  were  tested  to  determine  tailoring  and 
wearability  qualities,  the  most  important  of  which  are  discussed  below. 

Handle.    Behre  (of  TEFO,  the  Swedish  Textile  Research  Institute  in  Gothenburg) 
has  pointed  out  that  the  handle  of  a  fabric  has  at  least  three  fundamental  components 
which  can  be  measured  and  expressed  numerically;  namely,  flexural  rigidity,  shear 
angle,  and  elongation  at  low  load.    We  agree  with  this  analysis,  but  we  have  also 
found  that  values  for  these  properties  do  not  give  as  complete  an  idea  of  the  handle 
of  a  fabric  as  originally  expected.    The  values  do,  however,  give  important  informa- 
tion about  the  properties  of  the  fabrics  in  different  directions:  weft,  warp,  and  bias 
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Such  measurements  are  therefore  important  in  controlling  the  qualities  of  fabrics. 
We  believe,  however,   that  yet  more  important  characteristics  of  fabrics  are  their 
crease  resistance,   crease  recovery,  and  the  stability  of  their  surface  smoothness. 
We  have  found  that  the  method  suggested  by  Lako  and  Veer  (2)  gives  crease  resistance 
and  crease  recovery  results  which  seem  to  approach  very  nearly  those  obtained  in 
actual  practice. 

The  stability  of  the  surface  smoothness  has  been  tested  by  examining  the  appear- 
ance of  the  fabric  after  wetting  and  drying.  It  is  advisable  with  piece-dyed  fabrics  to 
examine  the  levelness  of  dyeing  at  the  same  time.  Both  examinations  can  be  classi- 
fied according  to  the  scale:    (5)  excellent;  (4)  good;  (3)  fair;  (2)  poor;  (1)  very  poor. 

Hygral  expansion.    The  hygral  expansion  test  is  easy  to  carry  out  at  the  same 
time  as  the  test  for  appearance  after  wetting.    We  use  the  following  definition: 

^wet"  ^65%RH  „ 
Hygral  expansion   =    100  x   ^  /o 

^  ^65%RH 

where      wet  =  wet  dimension  and  ■'~'65%RH  =  dimension  at  65%  RH. 


It  seems  evident  that  the  fabric  dimensions  should  not  vary  much  with  variation  in 
humidity;  that  is,   a  good-quality  fabric  should  have  a  hygral  expansion  near  zero. 

Results  of  the  pilot  plant  experiments  on  piece  dyeing  in  rope  form.     The  first 
generalizations  we  can  make  are  the  following.    All  pieces  had  an  excellent  to  good 
surface  smoothness  and  mostly  an  excellent  to  good  levelness  of  dyeing,   too,   so  that 
it  was  worthwhile  studying  other  properties.    In  order  to  get  an  idea  of  the  handle  we 
have  found  it  practical  to  compare  flexural  rigidity,   shear  angle,  and  elongation  at 
low  load  of  the  experimental  fabrics  with  the  corresponding  values  for  equivalent  top- 
dyed  fabrics.    This  is  because  the  latter  are  considered  to  have  the  best  possible 
quality.    This  comparison  may  seem  a  little  odd,  but  it  has  been  made  to  find  out  how 
we  can  produce  piece-dyed  fabrics  with  properties  as  nearly  as  possible  like  those  of 
top-dyed  fabrics.    Figure  1  shows  these  results  for  the  plain  weave.    The  panama  and 
twill  weaves  are  very  similar. 

In  comparing  the  results  in  this  way,  we  see  that  there  is  always  the  same  dif- 
ference between  the  handle  properties  of  our  piece-dyed  fabrics  and  the  corresponding 
properties  of  top-dyed  fabrics.    The  difference  is  particularly  great  in  fabrics  made 
from  fine  and  medium  wools  and  in  the  weft  direction.    The  effect  of  the  dyeing 
process  on  coarse  wool  fabrics  is  considerably  less. 

This  result  may  explain  the  fact  that  piece-dyed  fabrics  generally  do  not  have  the 
"body"  of  top-dyed  fabrics,   since  they  are  always  more  flexible,  more  easily  shear- 
able,  and  more  easily  elongated  by  low  load.    On  the  basis  of  these  results,  we  recom- 
mend production  of  piece-dyed  fabrics  from  a  coarse  wool  so  that  excessive  change 
in  fabric  properties  during  normal  dyeing  cannot  take  place. 

It  has  been  very  interesting  to  compare  the  hygral  expansion  of  experimental 
piece-dyed  fabrics  with  the  corresponding  values  of  conventionally  finished,  top-dyed 
fabrics  (Figure  2).    We  can  see  that  top-dyed  fabrics  (except  coarse  plain  weave, 
weft  direction)  have  negative  hygral  expareion  values,  not  exceeding  -1%.    All  piece- 
dyed  fabrics,   on  the  contrary,  have  positive  hygral  expansion  values;  the  fabrics 
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Figure  1:    Mechanical  properties  of  piece-dyed  and  top-dyed  plain 

weave  fabrics.     Plain  bars:  conventional  top-dyed  fabrics. 
Striped  bars:    experimental  piece-dyed  fabrics.     The  wool 
grade  is  indicated  by  C  (coarse),   M  (medium),   and  F  (fine) 
Flexural  rigidity  is  given  in  units  of  gram- centimeters. 


made  from  medium  and  fine  wool  in  particular  have  rather  high  hygral  expansion 
values  in  the  weft  direction.    It  seems  probable  that  this  noticeable  difference  may 
have  a  significant  effect  on  wearing  properties  of  fabrics.    Research  on  this  problem 
is  being  carried  out. 

Crease  resistance  and  crease  recovery  are  also  being  studied.     Tests  already 
carried  out  are  illustrated  in  Figure  3.    In  comparing  the  crease  resistance  of  fabrics 
made  up  from  the  various  wool  qualities,  we  judge  the  medium  wool  fabrics  clearly 
better  than  the  others.     The  fine  wool  fabrics  are  next,  while  the  coarse  wool  fabrics 
are  considerably  worse.     With  respect  to  the  weave,  panama  is  the  best,   then  twill. 
Plain  weave  is  clearly  the  worst.     In  comparing  top-dyed  and  piece-dyed  fabrics,  the 
former  showed  by  far  the  better  crease  properties.     The  results  given  above  repre- 
sent only  a  part  of  the  research  on  the  properties  of  wool  fabrics  in  which  we  are  at 
present  engaged,   but  it  is  just  these  results  which  seem  to  open  up  the  most  inter- 
esting avenues  in  this  extensive  and  interesting  subject. 

Summary.     Producing  permanent  smoothness  in  wool  fabrics  does  not  involve 
any  particular  difficulties.     By  subjecting  the  fabrics  to  a  suitable  setting  process, 
excellent  permanent  smoothness  was  obtained  on  all  the  test  fabrics,   including  the 
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Figure  2;  Hygral  expansion  ot  piece-dyed  and  top-dyed  fabrics. 

Shaded  bars:  top-dyed  fabrics.  Striped  bars:  piece-dyed. 
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Figure  3:  Crease  resistance  and  crease  recovery  of  piece-dyed 
and  top-dyed  fabrics.  Shaded  bars:  top-dyed  fabrics. 
Striped  bars:  piece-dyed. 


piece-dyed.  The  handle  of  fabrics  is  decisively  affected  by  both  the  severity  of  the 
setting  process  to  which  the  fabric  has  been  subjected  in  order  to  obtain  permanent 
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smoothness,   and  the  setting  which  unavoidably  takes  place  in  piece  dyeing      In  these 
tests,  as  in  many  which  we  have  made  before,   top-dyed  fabrics  appear  to  have  con- 
siderably better  crease  resistance  and  crease  recovery  than  equivalent  piece-dyed 
fabrics.     The  best  results  were  obtained  with  panama  weave,   twill  being  second  best 
and  plain  weave  the  least  satisfactory.     With  regard  to  wool  quality,   it  can  be  stated' 
that  the  medium  wool  had  the  best  surface  finishing  properties. 
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PHYSICAL  EVALUATION  OF  WOOL  PROPERTIES 

Richard  A.  O'Connell 
Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

In  evaluating  physical  and  mechanical  properties  of  natural  and  modified  wools, 
from  single  fibers  through  finished  fabrics,  various  tests  are  performed  routinely  ' 
in  the  Wool  and  Mohair  Laboratory.    Nearly  all  are  standard  ASTM  or  AATCC  tests. 
Some,  however,  we  have  modified,   adapted  from  the  literature,  or  developed  in  our' 
laboratory  for  routine  use  which  may  be  of  value  to  some  of  you.     These  are  not  what 
we  call  "special"  tests  but  are  part  of  our  regular  "bread-and-butter"  complement. 
I  shall  describe  them  so  that  you  may  better  appreciate  how  some  of  the  data  pre- 
sented here  were  obtained. 

A  "constant  stress"  Vibroscope  for  fiber  fineness.  Starting  with  single  fibers, 
we  have  developed  a  rather  unique  instrument  for  measuring  fiber  fineness,   based  on 
Dart  and  Peterson's  modification  of  the  Vibroscope  (1)  as  shown  in  Figure  1.    A  single 
fiber  is  hung  from  the  arm  of  a  torsion  balance  downward  in  front  of  the  lens  in  the 


Figure  1:  Vibroscope,  based  on  that  of  Dart  and  Peterson,   to  measure 

the  diameter  of  a  single  wool  fiber  at  a  defined  ("constant")  stress 
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center  of  tiie  picture.    A  light  beam  from  the  top  is  reflected  past  the  fiber  and 
through  the  lens  to  give  the  magnified  shadow  of  the  fiber  on  the  screen  at  right.  The 
fiber  rests  against  a  pointer  or  fret  which  is  vibrated  at  a  constant  frequency  by  a 
phonograph  cutting  head.    We  commonly  use  a  frequency  near  1400  cycles  per  second 
for  a  fiber  segment  length  of  2  cm.    Tension  on  the  fiber  is  varied  by  moving  the 
torsion  adjusting  lever  of  the  balance.    At  a  unique  tension  the  fiber  goes  into  reson- 
ance and  this  is  clearly  visible  on  the  screen.     This  resonance  tension  is  directly 
related  to  fiber  fineness.    We  have  therefore  simply  calibrated  the  dial  to  read  di- 
rectly in  fineness  units.     The  measurement  depends  on  the  same  principles  that  govern 
stringed  instruments,   in  which  tension,  length,  mass  of  the  string,  and  resonant  fre- 
quency are  all  interrelated.    An  important  advantage  of  this  vibroscope  over  those  com- 
mercially available  is  its  measurement  of  fineness  of  all  fibers  at  the  same  stress  and 
therefore  very  nearly  at  the  same  degree  of  uncrimping.    For  wool,  we  feel  this  is 
essential. 

Measurement  of  fiber  fineness  and  fineness  distribution  in  wool  top  with  the 
Coulter  counter.     Also  for  fiber  fineness  and  fineness  distribution,   in  this  case  for 
grading  wool  tops,   a  method  using  the  Coulter  counter  has  been  developed  in  our 
laboratory  (2).     This  commercial  instrument  for  particle  sizing  and  counting  consists 
of  a  "black  box"  of  electronic  components  and  counters  and  a  sampling  apparatus. 
Particles  to  be  classified  are  suspended  in  a  conducting  liquid.    Known  volumes  of  the 
suspension  are  drawn  through  a  small  orifice  by  means  of  a  rebalancing  mercury 
manometer,  which  is  also  used  as  a  precise  on-and-off  switch.    In  the  sensing  device, 
an  electrical  path  is  maintained  from  an  electrode  in  the  suspension  through  the  orifice 
to  another  electrode  in  the  center  tube.     The  resistance  of  this  path  is  determined  by 
the  size  of  the  orifice.    When  a  particle  is  drawn  through,  a  change  in  resistance 
proportional  to  the  volume  of  the  particle  is  sensed  and  indicated  by  the  associated 
electronics  in  the  black  box.     In  a  14-second  pass,  thousands  of  particles  are  sensed 
and  a  count  made  of  the  number  of  particles  above  a  known  size  setting.    By  sequen- 
tially setting  the  threshold  to  count  only  above  predetermined  sizes,  we  obtain  the 
complete  distribution  of  fiber  sizes.    The  method  is  quite  fast  and  almost  entirely 
free  from  operator  error. 

Note  that  to  determine  diameter,  we  need  to  know  the  wool  particle  length,  for 
in  this  instrument  the  volume  of  the  particle  which  is  measured  must  be  related  to 
fiber  diameter.    Accordingly,  a  microtome  (Figure  2)  was  built  to  hold  5  to  6  sections 
of  wool  top,  which  are  extruded  and  cut  with  sufficient  uniformity  that  length  variance 
is  negligible  for  this  purpose.    We 'have  no  trouble  obtaining  good  sectioning  of  tops 
but  cannot  cut  card  sliver  or  loose  wool  with  the  required  accuracy. 

The  capstan  method  of  measuring  single  fiber  friction  with  the  Instron  tensile 
tester.    Another  single  fiber  test  which  is  important  in  our  studies  of  shrink-resist 
treatment  evaluates  single-fiber  frictional  properties  by  means  of  a  simple  capstan 
method.     The  fiber  is  cemented  to  plastic  tabs,  one  of  which  is  connected  to  a  wire 
hanging  from  the  load- sensing  element  of  the  tester;  on  the  other  tab  a  small  weight 
is  hung.     The  fiber  is  looped  once  around  the  capstan  which  is  a  cylinder,  usually 
glass  but  sometimes  wool  felt  or  some  other  material.     The  cylinder  is  moved  down- 
ward (by  the  instrument  crosshead)  dragging  along  the  length  of  the  fiber.     When  the 
tension  developed  in  the  fiber  exceeds  the  frictional  force,   the  fiber  slips  and  a  sticP 
slip  force  trace  is  recorded  on  the  chart.    A  higher  arverage  force  is  produced  when 
the  capstan  runs  against  the  fiber  scales  than  when  it  moves  with  the  scale  direction. 
From  the  two  readings  the  differential  frictional  coefficient  is  obtained.    For  testing 
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Figure  Z:    Fiber  microtome,   accommodating  five  or  six  stands  of 

wool  top,  for  cutting  fiber  segments  of  uniform  length  for 
measurement  of  fineness  with  the  Coulter  counter. 

Table  1.  --Single  fiber  friction,   capstan  method. 


Sample  No. 


Untreated  PZ108      .15        .30        .15  1.00  .33 

WURLAN-treated       P21  12      .31         .40        .09  .  Z9  ,13 

P2118      .26        .37        .11  .42  .17 

.26        .35        .09  .35  .15 

Conditions:  360°,   glass,   .  0  1  %  nonionic  dete rgent 

^^y-         n^,:  frictional  coefficient  in  the  root-to-tip  direction  (with-scale). 

H^:   frictional  coefficient  in  the  tip-to-root  direction  (against- scale). 

/CP-:  difference. 

^^'-'^^  :  differential  friction. 

-W^  u^):  Speakman' s  scaliness  index. 


in  liquids,  which  is  usual,  a  beaker  is  placed  on  the  platform  and  brought  up  to 
surround  the  sample. 


Table  1  shows  data  obtained  for  untreated  and  WURLAN-treated  tops.     You  will 
note  a  significant  increase  in  both  the  with-  and  against- s  cale  friction  as  a  result  of 
WURLAN  treatment;  there  is  still,  however,  appreciable  differential  friction.  The 
column  at  right  gives  Speakman's  "scaliness  index"  (3).  Mr.   Pardo  will  present  some 
interesting  correlations  tomorrow  showing  relations  between  frictional  and  several 
other  properties. 

The  increase  in  friction  due  to  WURLAN  treatment  is  also  evident  in  yarns. 
Table  2  illustrates  this  for  yarns  which  were  teased  from  fabric  and  then  pulled  out 
from  between  a  weighted  sandwich  of  that  fabric.     Note  that  the  blend  has  a  higher 
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Table  2. --Sliding  friction:     Yarn  against  fabric,  in  grams  of  force  recorded. 


Control  WURLAN-Treated 
1007,  wool    a                                 37  56 

b  40  57 

85/15  wool/nylon  47  61 


friction  than  the  100%  wools  and  that  the  difference  is  somewhat  less  after  treat- 
ment; we  don't  know  if  this  is  significant  but  hope  to  investigate  it  further. 

Estimation  of  fiber  bundle  strength  with  short  gauge  length.    For  rapid  estima- 
tion of  wool  strength  the  Clemson  tester  and  the  similar  Stelometer  and  Pressley 
testers  have  been  neglected  by  the  wool  industry  although  they  are  standard  instru- 
ments for  cotton  testing  (ASTM  D1445-60T)  (4).     This  is  because  they  test  at  a  very 
small,  0  to  1/8  inch,  gage  length  and  can  mistest  a  wool  with  a  tender  section-or 
break.    However,  we  have  found,   as  has  the  Wool  Standards  Laboratory  in  Denver, 
that  this  instrument  consistently  gives  wool  strengths  near  90%  of  single  fiber  tests, 
as  compared  with  the  60  to  80%  given  by  the  ASTM  bundle  method.    It  is  much  faster 
and,  although  there  is  still  definitely  an  operator  effect  in  preparing  the  test  bundle, 
it  is  far  less  dependent  on  operator  technique.     Where  chemical  treatments  or 
degradative  conditions  are  being  monitored,   this  instrument  has  been  found  to  give 
adequate  results  with  considerable  saving  in  time. 

Table  3  shows  typical  data  obtained  with  this  instrument.    The  samples  are  the 
same  as  those  from  which  the  earlier  frictional  data  were  obtained.    In  this  case, 
the  treated  samples  appear  slightly  weaker  than  the  control.     The  reproducibility  of 
this  test  is  evident  in  the  very  low  values  of  the  coefficients  of  variation;  however, 
there  are  signficant  day  to  day  and  operator  differences  in  preparing  the  bundles 
which  are  not  evident  in  these  data. 


Table  3. --Bundle  strength  of  normal  and  WURLAN-treated  wools. 


Normal 

TORLAN-treated 

Sample  number: 

P2108 

P2112 

P2118 

P2127 

Mean  value: 

10.20 
19,000 

9.66 

18,000 

9.79 
18,240 

9.80  grams  per  tax 
18,260  pounds  per  square 
inch 

Coefficient  of 
variation 

2.2 

2.8 

2.7 

1.0  % 

Measurement  of  fiber  bonding  in  top  by  the  ASTM  fiber  cohesion  test.    As  part 
of  the  control  program  for  the  recently  developed  WURLAN  top  treatment,   a  fiber 
cohesion  test  being  developed  by  Committee  D-13,  ASTM,  is  used  to  indicate  fiber 
bonding  and  the  further  processing  characteristics  of  the  top.    A  section  of  top  is 
drafted  in  the  Instron  tensile  tester  with  the  gage  length  or  jaw  separation  set  at 
4  inches  greater  than  the  length  of  the  longer  fibers  in  the  top.    The  strength  of  the 
top  and  the  shape  of  the  force-extension  curve  measure  fiber  cohesion  or  bonding. 
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Small  differences  detectable  by  this  method  are  especially  significant  when  the  same 
sliver  is  tested  before  and  after  treatment.     Tomorrow,   in  his  discussion  of  top 
treatment,  Mr.  Fong  will  present  data  obtained  in  this  way. 

Fabric  shrinkage  measurement  with  the  Accelerotor  (5).    The  fabric  test  most 
frequently  performed  in  our  laboratory  in  recent  years  has  been  the  Accelerotor 
test  for  shrinkage.     The  standard  AATCC  instrument  is  powered  by  a  1/5  HP 
variable- speed  motor.     We  use  it  in  this  form  mainly  for  abrasion  testing.  For 
shrinkage  testing  we  have  modified  the  instrument  as  shown  in  Figure  3  by  replacing 
the  motor  with  a  1/3  HP  cons tant- speed  motor  coupled  directly  to  the  propeller 
shaft  to  provide  the  power  needed  to  test  two  samples  simultaneously.     We  mill  the 


Figure  3:    Accelerotor,   as  modified  for  shrinkage  testing  by  direct 
coupling  to  a  constant  speed  motor. 

samples  for  Z  minutes  (and  for  this  we  have  incorporated  an  automatic  shut-off 
timer)  at  1780  RPM  in  0.  5%  sodium  oleate  at  40  *  C.  ,   this  treatment  is  roughly 
equivalent  to  15  cycles  of  normal  mild  agitator  washing  in  a  home  washing  machine 
followed  by  tumble  drying.     The  samples  are  die  cut  to  5x6  inches.     The  edges  are 
bonded  with  a  rubber-type  cement  to  prevent  fraying.    After  an  hour  or  two  to  dry 
the  cement,   the  samples  are  preconditioned  and  relaxed  by  soaking  for  1/Z  hour  at 
50  °  C.   in  a  solution  of  1%  sodium  acetate.     The  samples  are  marked  through  a 
perforated  template  with  dots  spaced  10  cm.  apart.    Fabrics  can  be  marked  either 
dry  or  wet,   depending  on  what  is  desired.    Normally,  when  only  felting  shrinkage 
is  being  appraised,   the  samples  are  marked  wet  after  relaxing  and  remeasured 
immediately  after  the  two-minute  cycle  .     Thousands  of  swatches  have  been  through 
this  instrument  in  recent  years. 

For  further  washing  stability  testing,  larger  swatches  or  full  garments  are 
washed  and  dried  in  standard  domestic  agitator  washers  and  tumble  driers.  This 
is  of  course  the  ultimate  test. 

Recovery  from  wrinkling  by  a  modified  FRL  procedure.    We  have  recently 
modified  the  Fabric  Research  Laboratory  wrinkle  recovery  test  (6)  for  routine  use. 
This  interesting  test  uses  a  wrinkling  device  shown  in  Figure  4,  which  consists 
mainly  of  two  cylindrical  sections  around  which  the  fabric  is  wrapped.     The  bottom 
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Figure  4:    Wrinkling  device  used  in  the  FRL,  test  for  recovery  from 
wrinkling. 

section  floats  on  bearings  and  applies  weight  to  fabric  which  is  twisted  by  rotation 
of  the  top  segment.     In  this  instrument,   the  top  section  is  rotated  in  increments  of 
180*.    Recent  announcements  indicate  that  Dr.  Norman  Abbott,  who  developed  this 
test  at  FRL,   is  twisting  to  a  constant  torque;  we  have  not  used  this  modification. 
The  fabric  is  held  in  the  twisted  configuration  for  a  fixed  time  under  the  desired 
conditions  of  temperature  and  humidity.     The  fabric  is  then  released  and  allowed  to 
relax,   again  under  controlled  temperature  and  humidity.     The  wrinkled  fabric, 
positioned  under  the  camera,   is  illuminated  with  fixed,  low-angle  light  from  a  direc- 
tion perpendicular  to  the  wrinkles,  using  standard  AATCC  low-angle  lighting  con- 
ditions (Test  Method  88-1961T)  (7).    If  desired,  a  projector  setup  is  available  to 
throw  slits  of  light  on  the  fabric.    Again  the  projector  is  positioned  at  a  low  angle 
to  magnify  distortions  in  the  fabric.    In  photographing  the  samples  an  attempt  is 
made  to  get  pictures  of  uniform  contrast  to  minimize  surface  and  color  effects. 
The  photographs  obtained  are  rated  by  a  panel  of  observers.    At  present  we  have  no 
way  of  making  objective  measurements. 

Figure  5  illustrates  the  results.    The  three  top  photographs  show  WURLAN- 
treated  fabric  and  the  three  below  show  untreated.     The  two  left  photos  were  taken 
one  minute  after  release  from  wrinkling,   the  middle  two  after  30  minutes,   and  the 
two  on  the  right  after  81  hours.     The  fabrics  were  wrinkled  for  5  min.  at  90%  RH 
and  95°F.  ,  then  relaxed  for  the  first  1/2  hour  under  the  same  conditions  and  for 
the  remaining  period  under  standard  conditions  (65%RH,  70  °F.).    Our  panel  found 
no  differences  between  these  two  fabrics.    However,  various  types  of  fabric  can 
differ  markedly  in  both  degree  of  wrinkling  and  extent  of  wrinkle  recovery.  This 
same  photographic  setup  can  be  used  to  record  effects  of  pill  testing,  on  fabrics 
rubbed  on  the  brush-and-sponge  pill  tester,  and  edge  abrasion  using  the  Accelerotor. 
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Figure  5:   Photographs  obtained  for  judging  wrinkling  and  wrinkle 
recovery.     Top  row:    WURLAN  treated;  bottom:  un- 
treated.    Left  column:    one  minute  after  release  from 
wrinkling;  middle:    after  30  minutes;  right:    after  81  hours. 
The  treatment  is  judged  not  to  have  affected  wrinkling 
and  wrinkle  recovery  in  this  case. 

Conclusion.     I  have  described  only  regularly  used  methods  which  I  consider 
somewhat  different  from  standard  tests.     We  also  routinely  make  standard  tensile, 
tear,  wrinkle  recovery,   abrasion,   wash  tests,   etc.  ,  following  published  methods. 
We  shall  be  pleased  to  discuss  or  demonstrate  any  of  these  when  you  visit  our 
laboratory. 
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WRINKLE  RESISTANCE  OF  WOOL  FABRICS 


John  F.  Krasny 
Harris  Research  Laboratories,   Inc.  ,   Washington,  D.  C. 

"The  crease  and  the  wrinkle,  there  is  not  much  doubt, 
Are  alike  in  a  number  of  ways, 

But  the  crease  is  the  one  t±iat  so  quickly  comes  out 
While  the  wrinkle's  the  one  that  stays.  " 

These  definitions  were  published  in  1950  in  that  foremost  technical  journal,  the 
Saturday  Evening  Post  (1).     Today,   creases  in  wool  garments  need  no  longer  come 
out  quickly,   thanks,  for  example,  to  the  Australian  Si-Ro-Set  process  introduced 
five  years  ago  to  American  garment  manufacturers  by  the  Wool  Bureau.     No  such 
tangible  results  are  yet  available  for  wrinkle  prevention  in  wool  fabrics,   but  this 
problem,  too,   is  being  attacked  in  laboratories  in  several  countries.     Today  I 
report  our  initial  work  on  a  project  sponsored  by  the  United  States  Department  of 
Agriculture.    Our  object  is  to  establish  relationships  between  wear  wrinkling  and 
construction  factors  of  untreated  and  chemically  modified,  light-weight,  all-wool 
fabrics. 

Plan  of  work.    To  explore  construction  factors,  we  have  ordered  both  woolen 
and  worsted  fabrics  in  piece  length.     The  worsteds  include  pieces  made  with  fine 
and  coarse  wool,  with  two  yarn  numbers  as  well  as  single  and  two-ply  yarns  at 
constant  cover  factor.     The  number  of  ends  and  picks  will  be  varied.    Finally,  plain 
weave  will  be  compared  with  2/2  twill.     We  will  compare  two  weaves  and  several 
textures  of  woolen  fabrics  with  the  same  wool  and  yarn  number.    In  each  case  we 
intend  to  compare  fabrics  finished  in  the  traditional  manner  with  the  same  fabrics 
treated  by  interfacial  polycondensation  with  a  polyamide  and  a  polyurethane.  We 
shall  also  flat-set  some  of  each  fabric.    One  worsted  and  one  woolen  fabric  will  be 
first  flat-set  and  then  IFP-treated;  for  other  pieces  of  these  fabrics,   the  sequence 
will  be  reversed.    All  of  these  treatments  will  be  carried  out  at  the  Wool  and 
Mohair  Laboratory  on  a  pilot  scale,  about  ten  yards  per  sample. 

Evaluation  of  wrinkling  and  resistance  to  wrinkling.   The  method  of  fabric  evalu- 
ation was  not  specified  in  the  original  plan  of  work,   but  we  felt  that  this  deserved 
considerable  thought.    Since  there  will  be  40  to  50  fabrics,   it  will  not  be  feasible  to 
measure  wrinkling  by  a  service  test.     The  literature  describes  a  very  large  number 
of  tests  for  wrinkling;  in  some  cases  the  authors  state  qualitatively  that  results  of 
a  given  test  method  are  correlated  with  effects  of  actual  wear,  but  quantitative  in- 
formation is  generally  lacking.     This  may  be  due  in  part  to  the  difficulty  of  defining 
wrinkling  in  wear  quantitatively  because  of  its  variability.    One  notable  exception  in 
this  respect  is  a  paper  by  Cooke  et  al.  (2)  which  shows  good  correlation  between 
Monsanto  tests  and  the  wrinkling  in  wear  of  laboratory  coats  made  from  resin-treated 
cotton  fabrics.    However,   several  authors  report  poor  correlation  between  Monsanto 
test  results  and  wrinkling  in  wear  of  wool  fabrics.    We  found  that  this  test,  carried 
out  at  high  humidity  and  temperature  during  creasing  and  standard  conditions  during 
recovery,  did  not  differentiate  among  wool  fabrics  varying  widely  in  fiber  param- 
eters and  yarn  and  fabric  construction.    We  expect  such  fabrics  to  vary  somewhat 
in  wear  wrinkling  because  of  the  large  differences  in  weight;  we  have  not  actually 
tested  this,   but  we  know  that  their  wrinkling  in  laundering  does  depend  on  fabric 
weight.  133 
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To  develop  a  suitable  testing  procedure,  we  obtained  several  connmercial 
fabrics,  made  slacks  from  them,  and  observed  their  wrinkling  in  wear.    At  the  same 
time,   we  ran  Monsanto  tests  under  widely  varied  conditions  of  humidity,  temperature, 
pressure,   and  time.     We  chose  this  test  partly  because  it  gives  quantitative  results 
instead  of  relying  on  subjective  rating  of  swatches  wrinkled  in  some  manner  or 
other,   as  in  many  other  tests  suggested  in  the  literature,  and  also  because  its 
results  can  be  more  easily  interpreted  in  terms  of  fiber  strains  in  the  tested  yarn 
system  than  tests  in  which  random  wrinkling  occurs.    O'Connell  is  testing  the  same 
fabrics  with  the  FRL  wrinkling  device  he  has  just  described;  we  intend  to  compare 
the  relative  merits  of  the  two  tests  before  we  decide  finally  how  to  evaluate  future 
experimental  fabrics. 

We  obtained  six  fabrics  which  are  commonly  used  in  light-weight  slacks,  as 
specified  in  Table  1.    Slacks  for  a  service  test  were  made  up  in  a  commercial  plant 
and  we  retained  fabrics  for  laboratory  tests  as  well.    Half  of  the  wool  slacks  were 
set  by  essentially  the  methods  used  for  permanent  creasing  (the  process  the  Wool 
Bureau  calls  the  WB-4  process)  except  that  we  sprayed  with  2.  5%  bisulfite  solution 
to  60%  wet  pick-up,  formed  the  garment  on  the  utility  press,   steamed  it  for  30 
seconds,  and  baked  it  for  30  seconds.    Accordingly,  we  obtained  eight  different 
types  of  slacks  and  the  corresponding  fabrics  for  testing. 

Monsanto  crease  recovery.    Figure  1  shows  Monsanto  crease  recovery  results 
for  untreated  and  set  wool  fabrics  under  varied  relative  humidity  and  temperature 
conditions  during  creasing  and  recovery.     The  standard  conditions,   500  grams  of 
pressure,  with  5  minutes  each  for  creasing  and  recovery,  were  used. 


Table  1. --Fabrics  obtained 

for  service  and  other  testing. 

Fabric 

Fiber 

Oz./s 

q.  yd. 

Worsted  flannel 

Wool  untreated 

6- 

1/2 

set 

7 

Tropical  v/orsted 

Wool  untreated 

4- 

1/2 

set 

5 

Men's  suiting 

55/45  Dacron/v/ool 

5 

Spun  Dacron 

4 

65/35  Dacron/cot ton 

6 

Chine 

cotton 

6 

The  ordinate  is  the  average  of  the  warp  and  filling  crease  recovery.     In  the  early 
part  of  this  work  we  also  did  Monsanto  tests  in  the  bias  direction.     These  results 
did  not  differ  significantly  from  those  obtained  in  the  warp  or  filling  directions  and 
so  we  later  omitted  them.     The  95%  confidence  intervals  of  the  crease  recovery 
results  are  about  +  3%.     Along  the  horizontal  axis  we  define  four  sets  of  humidity 
and  temperature  conditions  during  creasing  and  recovery.     The  first  entry  repre- 
sents both  creasing  and  recovery  under  the  standard  laboratory  conditions  (65% 
relative  humidity,   70  *  F.  ).    Several  authors  make  it  clear  that  these  differ  greatly 
from  actual  conditions  during  wear,  when  wrinkling  usually  occurs  with  fabric 
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■  25%  water  added 

Figure  1:    Crease  recovery  of  wool  fabrics  under  varied  conditions. 

confined  between  a  person  and  a  relatively  impermeable  material,   such  as  a  chair, 
so  that  the  relative  humidity  and  temperature  are  quite  high.     This  condition  is 
simulated  in  the  second  entry,  where  creasing  and  recovery  are  both  at  85%  rela- 
tive humidity  and  85  °  F.     The  third  entry  again  uses  creasing  at  elevated  humidity 
and  temperature,  but  recovery  in  a  drier,   cooler  environment  (65%  r.h.,   70  °F.), 
perhaps  approximating  a  heated  room.    Finally,  we  show  the  conditions  which  my 
associates  who  do  research  in  the  field  of  comfort  of  clothing  consider  realistic 
when  some  perspiring  takes  place;  we  added  25%  water  to  the  fabrics,   creased  them 
at  85%F.  ,  and  allowed  them  to  recover  under  the  standard  conditions. 


There  is  no  significant  difference  in  Monsanto  crease  recovery  results  between 
the  two  wool  fabrics,  nor  was  there  any  effect  of  setting  under  the  first  two  sets  of 
conditions.     The  results  obtained  at  elevated  relative  humidity  and  temperature  are 
uniformly  lower  than  those  obtained  under  standard  conditions.    When  the  samples 
were  creased  at  the  elevated  humidity  and  temperature,   but  allowed  to  recover  under 
standard  conditions,  the  untreated  fabrics  had  slightly  and  the  set  fabrics  signifi- 
cantly lower  crease  recovery.    When  we  added  Z5%  water  to  the  samples  before 
creasing,  they  tended  to  reverse  position;  the  set  fabrics  seemed  to  have  better 
crease  recovery  than  the  untreated.     We  are  checking  this  behavior  with  other 
fabrics  before  we  accept  it  as  characteristic  of  untreated  and  set  wool  fabrics. 
Longer  recovery  times  generally  improved  crease  recovery,   as  could  be  expected, 
but  did  not  affect  the  relative  positions  of  the  fabrics.    This  effect  is  not  discussed 
further. 

Figure  Z  shows  the  same  relationship  for  the  wool/Dacron,  100%  spun  Dacron, 
and  cotton/Dacron  fabrics.    We  show  only  the  first  point  of  the  untreated  cotton 
curve;  the  others  lie  below  the  range  of  the  graph.     The  plotted  points  indicate  the 
wool  fabrics  from  Figure  1.     They  fit  nicely  between  the  curve  for  spun  Dacron  and 
that  for  the  Dacron/ cotton  blend.    The  wool/Dacron  blend  and  the  spun  Dacron 
fabric  responded  to  the  various  relative  humidity  and  temperature     conditions  during 
creasing  and  recovery  in  roughly  the  same  manner  as  the  untreated  wool  fabrics. 
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Figure  2:    Crease  recovery  of  wool,  Dacron,  and  cotton  fabrics 
under  varied  conditions. 

The  cotton/Dacron  blend  followed  the  same  pattern  but  the  effect  of  elevated 
humidity  and  temperature  seemed  larger. 

Figure  3  shows  the  behavior  of  the  various  fabrics  when  all  specimens  were 
creased  at  elevated  relative  humidity  and  temperature  and  allowed  to  recover  at 
standard  conditions,   but  the  time  and  pressure  during  creasing  were  varied.  The 
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Figure  3:    Recovery  of  all  fabrics  creased  at  high  humidity  and 
temperature  with  varied  pressure  and  time. 
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big  drop  in  crease  recovery  occurred  when  the  time  of  creasing  was  increased  from 
5  to  15  minutes;  the  effect  of  increasing  the  load  from  500  to  1000  grams  is  uncertain 
when  the  creasing  time  was  5  minutes  but  resulted  in  a  small  decrease  in  recovery 
when  the  creasing  time  was  15  minutes.     The  important  finding  here  is  that  the  lines 
do  not  cross:    there  was  no  effect  of  creasing  time  or  pressure  on  the  relative 
performance  of  the  wool  fabrics.    Although  the  differences  were  small,   set  fabrics 
always  recovered  less  than  untreated  fabrics. 

The  same  general  pattern  was  produced  by  the  wool/Dacron  blend,   the  spun 
Dacron  fabric,   and  the  cotton/Dacron  blend  (Figure  3).    In  all  cases  increased 
duration  of  creasing  reduced  crease  recovery  more  than  increased  pressure,  but 
again  the  relative  standing  of  the  various  fabrics  was  the  same.    As  before,  the 
wool  fabrics,  fit  neatly  between  the  100%  Dacron  fabric  and  the  cotton/Dacron  blend. 

In  summary,  we  have  varied  relative  humidity  and  temperature  during  creasing 
and  recovery,   pressure  and  time  during  creasing,  and  the  time  of  recovery.  In 
almost  all  cases  the  Monsanto  crease  recovery  results  rank  the  eight  fabrics  in  the 
same  order.     The  only  exception  is  the  higher  crease  recovery  of  untreated  as 
compared  with  set  wool  fabrics  when  creased  at  high  relative  humidity  and  tempera- 
ture and  allowed  to  recover  under  standard  conditions,   and  the  reversal  of  this 
relative  position  when  the  fabrics  were  moistened  before  creasing.     We  intend  to 
repeat  these  tests  on  other  untreated  and  set  wool  fabrics.     In  the  meantime,  we 
can  say  that  although  the  Monsanto  test  may  be  right  or  wrong  in  expressing  the 
tendency  of  fabrics  to  wrinkle,   it  gave  very  consistent  results  over  a  wide  range 
of  experimental  conditions. 

Service  tests  of  wrinkle  recovery.    For  the  service  test,   two  pairs  of  slacks 
were  made  from  each  of  the  fabrics,   all  to  the  same  pattern.    During  the  first  part 
of  the  test,   two  men  wore  the  slacks  during  working  hours,  approximately  eight 
hours  a  day.     The  slacks  were  cleaned  and  pressed  after  the  third,   seventh,  and 
tenth  wearings.    After  the  tenth  cycle,  the  wool- containing  slacks  were  worn  for 
two  days  in  the  laboratory  as  well  as  at  home  between  evaluations.    We  did  not  use 
the  spun  Dacron  and  the  Dacron/cotton  slacks  in  the  two-day  wear  period  tests. 
The  all-cotton  slacks  were  soon  excluded  from  further  testing  because  they  always 
were  the  most  wrinkled  beyond  any  doubt. 

The  front  and  the  back  of  the  slacks  were  photographed  immediately  after  wear 
and  about  18  hours  later,  after  hanging  from  the  cuffs.    For  photographing,  the 
slacks  were  suspended  from  a  specially  constructed  dummy  illuminated  by  a  photo- 
flood  light  set  to  give  an  angle  of  incidence  near  20*,   so  as  to  emphasize  wrinkles. 
Each  set  of  photographs  - -one  wear  period  by  one  wearer,  front  or  back,  immediately 
after  wear  or  after  the  recovery  period--was  ranked  in  order  of  increasing  wrinkling. 
We  mounted  the  photos  on  McBee  cards  and  coded  all  details,   such  as  wearer,  wear 
cycle,  front  or  back,   immediately  or  after  recovery,  material,  and  ranking.  We 
found  this  useful  for  comparing  the  photos  by  wearer,  material,  etc.    Figure  4 
shows  results  of  the  service  tests.     The  horizontal  bars  represent  the  averages 
obtained  for  all  conditions.    However,  we  show  also  average  results  obtained  for 
the  front  and  back  separately. 

In  these  tests,   the  average  scores  show  that  the  wool  flannel  performed  best, 
with  essentially  no  difference  between  untreated  and  set  slacks.     This  was  followed 
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by  Dacron/wool,   spun  Dacron,  and  very  close  together,  untreated  wool  tropicals 
and  Dacron/cotton  slacks.    But  whae  setting  had  no  consistent  effect  on  behavior  of 
the  heavier  flannel,  the  set  tropical  worsted  slacks  consistently  wrinkled  more  than 
the  untreated  tropical  worsted.     This  indicates  interaction  between  fabric  construc- 
tion and  setting;  we  hope  to  find  out  more  about  this  when  we  test  experimental 
fabrics  with  systematic  variation  in  construction  and  finishing. 

Whe  n  we  look  at  the  relative  ratings  of  front  and  back  views,  we  see  an  inter- 
esting phenomenon:    the  relative  appearance  of  the  garments  containing  Dacron  is 
better  in  front,   compared  to  wool,   than  in  the  rear.    Apparently  Dacron  was  more 
sensitive  than  wool  to  the  type  of  wrinkling  occurring  in  the  rear  of  slacks  of  the 
present  two  wearers. 


This  finding  is  unexpected,   but  may  be  due  to  two  causes.    First,   the  Dacron 
may  be  relatively  more  heat  sensitive  and  respond  to  a  higher  temperature  in  the 
back  of  slacks,  pressed  against  a  chair,   than  in  front.    Second,   remember  that  in 
Figures  1  and  2,   showing  the  effect  of  humidity  and  temperature  on  crease  recovery, 
all  fabrics  showed  lower  crease  recovery  when  creased  at  high  temperature  and 
humidity,  with  recovery  at  lower  temperature  and  humidity,   than  when  both  creasing 
and  recovery  were  at  the  higher  temperature  and  humidity.     We  may  postulate  that 
moisture  from  perspiration  would  be  taken  up  by  wool  to  a  greater  extent,  with  less 
change  in  humidity,   than  by  Dacron,  and  on  the  other  hand,  absorbed  moisture  in  the 
wool  fabrics  would  result  in  less  change  in  humidity  during  recovery  than  in  the 
Dacron- containing  fabrics.     These  factors  would  favor  recovery  in  the  wool  slacks. 

There  was,  of  course,  much  variability  in  the  relative  standing  of  the  slacks  in 
various  wear  periods,  as  one  would  expect,  and  in  the  ratings  given  to  the  pictures 
by  the  three  judges.    However,  we  found  no  systematic  difference  in  the  amount  of 
recovery  from  wrinkling  during  hanging  between  these  fabrics,   as  judged  immedi- 
ately after  wear  or  after  at  least  18  hours'  recovery.    Similarly,  although  one 
wearer  always  creased  his  slacks  more, -with  the  single  exception  of  the  flannels, 
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the  order  of  wrinkling  was  the  same  for  both.    Finally,   the  average  results  of  the 
eight-hour  periods  differed  somewhat  from  those  of  the  two-day  wear  periods.  We 
are  trying  to  resolve  these  differences  by  further  wear  tests. 

(At  this  point  Mr.  Krasny  showed  pnotographs  illustrating  some 
of  the  features  described,  as  follows:    (1)  The  untreated  tropical 
worsted  slacks  were  consistently  less  wrinkled  than  the  set  ones, 
but  the  latter  hung  better  and  had  a  better  crease.    (Z)  These 
differences  did  not  appear  in  the  flannel  slacks.    (3)  The  front 
and  rear  of  all-wool  slacks  wrinkle  to  about  the  same  degree; 
Dacron  and  Dacron/ cotton  slacks  wrinkled  much  more  behind 
than  in  front.  ) 

Three  points  of  special  interest  emerge  from  these  small-scale  service  tests. 
First,  we  have  evidence  of  interaction  between  fabric  construction  and  chemical 
treatment  in  wool  fabrics;  this  is  particularly  important  to  the  present  project. 
Second,  the  differences  in  front  and  rear  wrinkling  behavior  of  wool  and  Dacron- 
containing  fabrics  is  of  general  interest,  but  we  do  not  expect  to  pursue  this  further 
at  present.    Last  but  not  least,  we  have  a  tentative  order  of  overall  wrinkling  in 
service  for  a  number  of  fabrics. 

Correlation  of  Monsanto  and  subjective  ratings.    Now  comes  the  64- dollar 
question:    how  does  this  order  correlate  with  results  of  our  Monsanto  crease 
recovery  tests?    Frankly,   the  correlation  is  poor.    Figure  5  compares  crease  re- 
covery results  (when  creasing  was  at  the  high  humidity  and  temperature,  recovery 
at  standard  conditions)  with  the  overall  wrinkle  ratings  shown  in  Figure  4.  No 
other  crease  recovery  test  condition  nor  the  wear  wrinkling  in  front  or  in  back, 
individually,  gives  a  better  correlation.     The  untreated  cotton  slacks  are  included 
here;  although  they  were  only  worn  a  few  times,   they  were  invariably  the  most 
wrinkled  and  are  accordingly  given  the  lowest  wear  wrinkling  rating. 

Bostwick  of  the  Swedish  Textile  Re  sear  ch  Institute  has  published  a  very  inter- 
esting paper  (3)  in  which  he  compares  var ious  labor atory  tests  for  crease  recovery, 
particularly  with  respect  to  the  strain  which  is  imparted  to  the  samples.  Figure  6  re- 
produces part  of  one  of  his  drawings  which  analyzes  the  strain  imparted  during  the 
Monsanto  test  to  two  fabrics  of  different  thickness.   When  fabric  of  thickness  is 
creased  around  a  tongue(here  0.  20  unit-thick),  the  creasing  strain  is  proportional  to 
the  distance  Zp,  which  equals  the  sum  of  the  fabric  and  tongue  thickness  (d  +  0.  ZO). 
In  the  case  shown,  when  both  the  fabric  and  tongue  are  ZO  units  thick,   the  strain  is 
50%.    When  the  fabric  is  only  a  third  as  thick,   the  strain  is  only  Z5%.  Accordingly 
thickness  is  important  in  interpreting  results  of  the  Monsanto  test,   because  the 
thicker  the  fabric,  the  more  strained  the  fibers  during  creasing.  As  a  result,  Bostwick 
suggests  that  all  fabrics  be  tested  at  the  same  strain  with  appropriate  spacers  between 
the  pressing  surfaces.  He  states  that  this  improves  correlation  between  the  Monsanto 
test  and  wear  wrinkling. 

Another  way  to  take  strain  into  account  is  to  combine  it  with  the  crease  recovery 
result.     Crease  recovery  should  obviously  be  inversely  related  to  strain;  at  least  as 
a  rough  approximation  one  can  then  infer  that  the  product  of  crease  recovery  and 
strain  would  be  a  better  measure  of  actual  wrinkling  in  wear  than  crease  recovery 
results  alone.    We  have  put  a  question  mark  in  Figure  6  to  indicate  that  this  is  a 
very  rough  approximation.     We  neglect  effects  of  internal  fiber  friction  on  crease 
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Figure  5:    Subjective  appraisal  of  wrinkling  compared  with 
measurement  of  recovery  from  creasing. 
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Figure  6:    Analysis  of  strain  applied  in  tests  (from  Bostwick). 


recovery  and  also  effects  of  weave,   twist,  fiber  crimp,   and  fiber  realignment 
during  creasing  on  the  fiber  strain;  and,  finally,  we  neglect  variation  of  the  various 
types  of  fibers  in  recovery  from  strain.    Nevertheless,  for  our  present  fabrics, 
Figure  7  shows  that  the  product  of  crease  recovery  and  strain  does  indeed  correlate 
much  better  tJian  crease  recovery  alone  with  the  wear  wrinkling  rating.     The  Dacron/ 
cotton  blend  is  somewhat  off  the  general  trend,   but  the  points  for  the  four  wool 
fabrics  and  1±ie  Dacron/wool  blend,  the  fabrics  of  greatest  interest  to  us,   are  quite 
close  to  a  straight  line  which  also  passes  near  the  points  for  spun  Dacron  and 
cotton.    We  hope  to  extend  this  study  to  see  whether  this  correlation  holds  for  other 
fabrics,  and  to  explain  possible  deviations  in  terms  of  internal  friction  or  the  more 
sophisticated  strain  analysis  suggested  in  the  literature. 
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Figure  7:    Wear  rating  relationship  to  crease  recovery  and  product 
of  crease  recovery  and  strain. 

In  conclusion,  we  have  found  that  by  taking  into  account  the  fabric  strain  during 
creasing,  we  obtain  good  correlation  between  Monsanto  crease  recovery  and 
subjective  appraisal  of  wrinkling  in  actual  wear  for  a  group  of  eight  fabrics  varying 
quite  widely  in  fiber  content  and  construction.     We  are  still  checking  this  correla- 
tion by  extending  the  service  test  and  by  trying  other  conditions  for  Monsanto  testing. 
We  are  also  trying  to  discover  the  conditions  which  cause  the  wide  variability  in 
wrinkling  in  service,   such  as  activity  of  the  wearer,   environmental  conditions,  and 
fit  of  the  garment.    Very  soon  we  will  have  some  50  fabrics  varying  systematically 
in  construction  and  chemical  history.     We  intend  to  conduct  service  tests  of  5  to 
10  key  fabrics  and  Monsanto  and  perhaps  other  laboratory  tests  on  all.    We  hope  that 
the  results  will  provide  clues  for  improving  the  appearance  of  wool  fabrics  in 
service,   primarily  with  respect  to  wrinkling,   but  hopefully  also  with  respect  to 
crease-  and  shape -holding  properties. 


Finally,   I  should  like  to  acknowledge  the  assistance  and  advice  given  to  us  by 
the  project  officers,  Dick  O'Connell  and  Fred  Ahrens  of  the  Wool  and  Mohair  Labor- 
atory,  and  the  help  in  the  form  of  endless  crease  recovery  tests,  photograph  taking, 
and  rating,  by  my  associates,  Grace  Richardson,  Lorraine  Jones,  and  Lydia 
Hornste  in. 
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Discussion  of  Mr.  Krasny's  Report 


Question:    Would  inclusion  of  elastic  yarns  improve  wrinkle  resistance? 

Krasny:       Yes.    We  find  also  that  wool  fabrics  made  with  stretch  yarns  in  the  warp 

wrinkle  less  than  similar  fabrics  with  stretch  yarns  in  the  fill. 

Laxer:         People  at  the  Swedish  Textile  Research  Institute  have  observed  that  set 
fabrics  wrinkle  more  than  unset  fabrics,   but  that  the  wrinkle  resistance  is  improved 
if  unused  setting  agent  is  removed.    Similarly,  Australian  workers  have  found  that 
degree  of  set  is  inversely  related  to  residual  thiol  groups.    One  wonders  whether 
your  observations,  especially  with  respect  to  the  tropical  worsted,  may  be  influ- 
enced by  residual  thiol,   resulting  in  setting  under  what  others  have  termed  "hot 
crotch"  conditions. 

The  question  of  residual  reducing  agent  was  referred  to  Dr.  Menkart,  who 
reported  that  the  treated  wool  fabrics  contained  about  60  micromoles  of  thiol  per 
gram,   but  no  trace  of  unreacted  sulfite. 


NEWEST  INFORMATION  ON  WURLAN  TREATMENT  OF  FABRICS 


Lowell  A.  Miller 
Wool  and  Mohair  Laboratory,   USDA,   Albany,  California 

Many  of  you  have  followed  the  progress  of  WURLAN  from  laboratory  screening 
(1)  to  practical  development  (Z).     To  keep  you  up  to  date,   I  present  some  of  our 
newest  information  on  WURLAN  treatment  of  fabrics.     But  first  I  want  to  review 
background  information.     I  will  then  recommend  a  production  treating  range  based 
on  our  mill  experience,   showing  typical  results  which  can  be  achieved  with  such  a 
range  and  the  chemical  cost.  Finally  I  want  to  mention  some  of  the  things  we  hope 
to  achieve  in  the  future. 


Figure  1:    Diagram  of  treating  range  first  used  in  developing  WURLAN 
treatment  of  fabric. 
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tandem.    With  minor  modifications  existing  wet-out  boxes  were  used  for  the  two 
treating  solutions.    A  considerable  amount  of  fabric  was  treated  with  just  such  a 
range,  but  several  problems  were  encountered.    First  of  all,   and  very  important, 
we  were  unable  to  extract  the  hexamethylene  diamine  (HMDA)  solution  adequately 
at  speeds  above  8  to  10  yards  per  minute.    Reducing  the  wet  pick-up  from  the  HMDA 
bath  to  less  than  50%  (based  on  the  dry  weight  of  the  fabric)  is  extremely  important. 
Second,  with  this  particular  pad  uneven  hardness  across  the  face  of  the  pad  pre- 
vented uniform  extraction  and  as  a  result  made  impossible  subsequent  level  dyeing. 
Third,   in  the  longer  runs,  we  encountered  a  problem  with  the  sebacoyl  chloride 
(SC)  bath.    After  16  to  20  pieces  of  fabric  were  treated,  decomposition  of  the  SC 
became  excessive;  hydrogen  chloride  was  liberated  in  objectionable  amounts  and 
shrinkage  protection  decreased.     These  problems  point  out  some  difficulties  a  mill 
may  encounter  in  evaluating  the  process  with  improvised  equipment. 

Equipment  and  treating  conditions  now  used.    To  overcome  these  problems,  a 
treating  range  was  designed  as  shown  in  Figure  Z.     The  clean  and  neutral  to  slightly 


Steam  line  and 
temperature  control 
for  steam  jacket 


Driven  rolls  / 

-Circulating  pumps  and  reagent  / 
supplementary  feed  lines  ' 

Figure  Z:   Diagram  of  treating  range  now  used  for  WURLAN  treat- 
ment of  fabric.    Efficient,  uniform  expression  of  excess 
liquid  after  the  first  dip  and  continuous  .removal  of  water 
and  hydrochloric  acid  from  the  second  bath  are  important 
feature  s . 


alkaline  fabric  is  delivered  to  the  treating  range  after  fulling,   scouring,   and  scutching. 
Fabric  is  fed  into  the  diamine  bath;  excess  liquor  is  squeezed  out  by  the  3-roll 
mangle  shown,  and  the  reaction  is  completed  in  the  SC  bath.    Excess  solvent  with 
SC  is  then  squeezed  out.     The  fabric  is  delivered  to  trucks  for  subsequent  dolly 
washing  to  remove  residual  reagents  and  solvent. 

Certain  features  of  this  range  may  not  be  obvious.    Referring  to  the  HMDA  bath 
and  mangle  shown  in  Figure  Z:    the  diamine  tank  was  designed  to  give  adequate  im- 
mersion time  (and  this  is  important)  at  speeds  up  to  35  ypm.    The  bottom  rolls  are 
driven  to  reduce  fabric  tension  in  the  bath.     The  tank  is  heated  by  steam  and  the 
temperature  maintained  by  a  standard  temperature- controlling  device.     The  HMDA 
solution  is  continuously  circulated  by  drawing  the  liquor  out  at  the  bottom  and 
pumping  it  back  into  the  top  of  the  bath  through  a  perforated  pipe  which  runs  the  full 
width  of  the  bath.     The  circulating  system  also  serves  to  introduce  concentrated 
HMDA  solution  as  necessary  to  maintain  the  bath  concentration. 
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In  order  to  achieve  the  necessary  extraction  when  operating  at  realistic  produc- 
tion speeds,   a  highly  efficient,   uniform  pad  is  necessary.     For  example,    the  Kuster 
No.   73  swimming  roll  pad  performs  very  well  in  this  capacity.  Recommended 
initial  composition  and  specific  treating  conditions  for  the  HMDA  bath  for  woolen 
processing  are  given  in  Table  1.     The  bath  composition  is  checked  periodically  by 

Table  1.  --Woolen  production  processing.  

1%  hexamethylene  diamine,   0.  5%  Na2Si03, 
0.  05%  wetting  agent. 
200  gallons. 
120  °  F. 
20  sec. 
23  ypm, 

0.  6  lb,  hexamethylene  diamine,   0.  5  lb. 
Na^SiO^,   0.  4  oz.  wetting  agent. 

acid-base  titration.    Somewhat  different  results  obtained  with  sodium  carbonate  and 
metasilicate  (3)  are  attributed  to  pH  differences:    it  appears  that  equivalent  shrinkage 
control  is  attainable  at  higher  pH  with  less  HMDA.     By  using  sodium  metasilicate  in 
the  HMDA  bath  we  can  decrease  consumption  of  HMDA  from  more  than  one  pound  per 
piece  to  0.6  pound  per  piece. 

Let  us  now  consider  the  second  half  of  the  treatment.    The  time  of  immersion 
in  the  acid  chloride  bath  is  not  critical;  in  fact,  we  want  the  volume  of  solvent  in 
this  tank  to  be  as  small  as  possible.    Extraction  efficiency  is  also  less  important 
than  with  the  first  bath:    a  standard  10-ton  pad  works  nicely. 

Decomposition  of  acid  chloride  has  been  mentioned.    A  remedy  can  be  sought  in 
several  ways.     It  is  known  that  hydrolysis  decreases  with  increasing  number  of  car- 
bon atoms  in  the  diacid  chloride  and  is  slowed  by  use  of  aromatic  or  chlorinated 
solvents  instead  of  aliphatic  hydrocarbon.    Again,  hydrolysis  decreases  with  de- 
crease in  bath  temperature.     The  proper  changes  in  any  factor  or  a  combination  of 
factors  could  offer  a  solution  to  the  problem.     We  believe  that  because  of  relative 
costs,   availability  of  materials,   and  other  considerations,   the  present  reagents, 
solvent  system,   and  processing  conditions  are  desirable.     Therefore,  we  have 
studied  ways  of  removing  the  hydrolyzing  agents,   principally  water,   as  well  as 
products  of  hydrolysis:    hydrogen  chloride  and  dibasic  acid.    Our  preferred  method 
is  to  circulate  the  bath  through  a  "molecular  sieve"  such  as  Linde  AW-500.  This 
removes  water  and  HCl  very  efficiently.     The  molecular  sieve  can  be  regenerated 
several  times,   and  though  its  cost  per  pound  is  high,   its  contribution  to  the  cost  of 
the  process  is  quite  low. 

Our  recommended  composition  and  conditions  of  use  of  the  SC  bath  are  given  in 
Table  2.     The  amount  of  molecular  sieve  needed  is  a  rough  approximation  because 
the  amounts  of  water  carried  over  and  the  rates  of  hydrolysis  are  hard  to  estimate 
for  the  range  of  conditions  likely  to  be  encountered. 

The  entire  process  can  be  summarized  as  follows.    Fabric  passes  through  the 
first  bath  containing  1%  HMDA  and  1/2  to  1%  sodium  metasilicate.    Excess  solution 
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Aqueous  Bath 
Compos  ition 

Volume 
Tempa  rature 
Immersion  (dip-to-nip) 
Speed 

Add  (per  piece) 


Table  Z.  --Woolen  production  processing. 


Solvent  Bath 

Composition  =  3%  sebacoyl  chloride  in  Stoddard  solvent. 

Volume  =  25  gallons. 

Temperature  =  ambient  (70-75  *  F,  ). 

Immersion  (dip-to-nip)     =  4  sec. 

Speed  =  23  ypm. 

Add  (per  piece)  =  approx.   2  gallons 

3%  sebacoyl  chloride  in  solvent, 
 Molecular  sieve  =  approx.   0.  25  lb.  /piece.  

is  squeezed  out  to  a  wet  pick-up  of  40  to  45%.     The  cloth  then  goes  through  3%  SC  in 
Stoddard  solvent.    Again  excess  solution  is  squeezed  out.     The  piece  is  dolly  washed 
and  neutralized,  and  continues  through  a  finishing  routine  designed  to  prevent 
stretching  in  either  warp  or  fill  direction,  which  would  result  in  relaxation  shrinkage 
in  the  finished  piece. 

Shrinkage  control  obtained.  Fabrics  used  for  this  study  are  listed  in  Table  3. 
Twill  fabrics  have  been  found  relatively  hard  to  stabilize  by  other  processes.  We 


Table  3.  --Woolen  production  processing. 


Piece  dye:  shirting  and  skirting,  100%  wool  and 

85/15%  wool-nylon  blend,   plain  and 
twill  weave . 

Stock  dye:  shirting  and  skirting,  100%  wool  and 

85/15%  wool-nylon  blend,  plain  weave. 


Piece  dimensions:  length,   80-90  yd. 

width,    56-62  i  n. 
 weight,  50-60  1  b. 


therefore  included  a  piece-dyed  twill.    Figure  3  shows  the  fluctuation  of  shrinkage 
control  and  bath  concentration  during  a  production  run.     The  vertical  axis  specifies 
the  percentage  concentrations  of  the  HMDA  and  SC.    It  also  specifies  the  area 
shrinkage  after  four  75-minute  washes  in  a  top  loading,  agitator  washing  machine. 
After  each  75  minute  wash,   the  test  piece  went  through  the  normal  rinse  and  spin 
dry.    We  considered  this  a  very  rigorous  test  for  felting  shrinkage. 

The  horizontal  axis  shows  the  number  of  pieces  of  fabric  treated  consecutively. 
Note  that  fabrics  of  various  constructions  and  compositions  were  treated  during  the 
course  of  this  run,  and  second,   that  relatively  unimportant  changes  in  shrinkage 
control  occurred  although  the  HMDA  concentration  determined  by  titration,  was 
allowed  to  fluctuate  between  about  1/2  and  1-1/2%.    I  want  to  emphasize  that  excel- 
lent shrinkage  protection  was  achieved  throughout  the  run:    less  than  4%  shrinkage 
in  area  after  5  hours'  washing! 


Table  4  permits  convenient  comparision  of  the  shrinkage  protection  given  an 
85/15  wool-nylon  blend  at  different  times  during  the  run.     The  untreated  fabric 
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Figure  3:    The  shrinkage  protection  given  to  a  variety  of  fabrics  with 

hexamethylene  diamine  and  sebacoyl  chloride  in  an  operation 
in  which  the  reagent  concentrations  were  allowed  to  vary 
within  limits  as  shown.    Rough  control  of  reagent  concentra- 
tions suffices  to  maintain  adequate  shrinkage  control  and 
uniformity  of  treatment. 

Table  A. --Shrinkage  during  machine  laundering. 

 75-min.  wash  test  -  shrinkage,  "L  

Relaxation  First  wash  Fourth  wash 

Pieces  W  F  W  F  W  F 


Control  2.0         1.3  18.2  13.3 

No.   13  0.2  0.5  0.3  0  0.7  0 

No.  76  0.2  0.8  1.2  0  2.8  +0.3 

+    indicates  increase  in  area. 

10-oz.  woolen  shirting  =  85/15  wool-nylon  blend. 

shrank  18%  in  the  warp  and  13%  in  the  fill  after  the  first  wash,  whereas  the  13th  piece 
treated  shows  0.  7  x  0,  0  shrinkage  after  four  75-minute  washes  and  the  76th  piece  s 
shows  2.  8%  warp  shrinkage  with  a  slight  growth  in  the  fill.     The  nylon  content  may  a 
aid  shrinkage  control.    However,   Table  5  shows  that  comparable  results  are  obtained 
with  a  similar  all  wool  fabric.     These  data  show  not  only  the  uniformity  of  control 
throughout  the  run,   but  also  the  remarkable  shrinkage  protection  achieved  with  an 
all  wool  fabric. 


--Shrinkage 

during 

machine 

laundering. 

75-min.  wash 

test. 

shrinkage,  °L 

Pieces 

Relaxation 

Fir  St 

wash 

Fourth 

wash 

W 

F 

W 

F 

W 

F 

Control 

2.7 

1.3 

16.7 

13.7 

No.  5 

0.5 

-f-0.3 

0 

+  0.2 

1.0 

0 

No.  81 

0.8 

!1.0 

0.5 

0.3 

1.5 

0.3 

+    indicates  increase  in  area. 
10-oz.  woolen  shirting  =  1007o  wool. 
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Effects  on  ot±ier  fabric  properties.  Of  course  fabric  properties  other  than 
shrinkage  are  important,   too.    WURLAN  and  oxidative  processes  are  compared 
roughly  in  Table  6.     The  point  that  I  want  to  emphasize  here  is  that  WURLANizing 
tends  to  improve  all  of  these  properties  with  the  exception  of  the  hand,  whereas 
oxidative  processes  can  be  expected  to  impair  most  of  the  physical  properties,  in- 
cluding hand,   attributed  to  wool. 


Table  6. --Oxidative  versus  VJURLAN  process. 


Oxidative  process 

I'JURLAN  process 

No 

No 

Property 

Improved      change  Damage 

Improved      change  Damage 

\>'ashability 

X 

X 

Tensile  strength 

X 

X 

Mussiness  and 

X 

X 

f uzziness 

Abrasion  resistance 

X 

X 

Pilling  resistance 

X 

X 

Durability  of  finish 

X 

X 

Effect  on  dyestuffs 

X 

X 

Fabric  hand 

X  -  -  -  X 

X  X 

Resistance  to 

X 

X 

chemical  attack 

Cost.    Having  discussed  the  shrinkage  protection  afforded  a  WURLANized  fabric 
and  some  of  the  improvements  in  physical  and  chemical  properties,  we  now  come  to 
that  all- important  question,   cost.    An  analysis  of  the  chemical  cost  is  given  in 
Table  7.    Notice  that  these  figures  are  per  100  pounds  of  wool.    Some  of  you  may 
recall  that  when  we  used  sodium  carbonate  for  the  added  base,   consumption  of 
HMDA  was  up  around  2  pounds  per  hundred  pounds  of  wool  whereas  now  with  sodium 
mstasilicate,   it  is  1  pound  per  hundred.     This  change  represents  a  substantial  saving 
in  the  contribution  of  HMDA  to  cost.     Total  chemical  costs  based  on  production  runs 
amount  to  $5.  39  per  100  pounds  of  wool  or  approximately  5.  5  cents  per  pound.  For 
a  10-ounce  fabric,   the  total  chemical  cost  would  be  about  3.  5  cents  per  linear  yard. 


Table  7.--V<URL/\N  chemical  costs  (per  100  lbs,  of  wool). 


Chemical 

Comsumption,  lb. 

Unit  price 

Cost 

'/„  of  total 

Hl-tDA 

1.0 

$  1.85 

$  1.C5 

34.4 

SC 

1.2 

2.00 

2.40 

44.6 

Na2Si03 

1.0 

.10 

.10 

1.9 

Wetting  agent 

.10 

.22 

.02 

.3 

Solvent 

3.5I 

.22 

.77 

14.2 

Molecular  sieve 

.10 

2.00 

.20 

3.7 

Misc. 

.05 

0.9 

$  5.39 

100.0 

1 

gallons 
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The  direction  of  current  research.    I  will  now  review  some  prospects  for  the 
future.     We  are  always  interested  in  improving  the  process  in  any  way  possible. 
At  present  principal  consideration  is  being  given  to  cost  and  to  improving  hand.  The 
The  result  of  a  production  trial  utilizing  a  chemical  which  offers  hope  in  both  re- 
spects is  seen  in  Figure  4.     The  run  differs  from  that  shown  in  Figure  3  mainly  in 
the  use  of  dode canedioyl  chloride  instead  of  SC--  that  is,   in  using  a  diacid  chloride 
with  a  chain  of  IZ  carbon  atoms  instead  of  one  with  10.     The  C^^  diacid  chloride, 
which  is  not  commercially  available  at  present,    is  not  only  potentially  cheaper  but 
its  use  with  HMDA  gives  a  better  hand.     Another  real  advantage  is  that  it  is  more 
slowly  hydrolyzed  (4).     Notice  that  the  shrinkage  protection  was  excellent,  always 
less  than  4%  in  area  after  four  75-minute  washings. 
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Figure  4:   The  shrinkage  protection  given  to  a  variety  of  fabrics  by 

experimental  WURLAN  treatment  with  hexamethylene  diamine 
and  dode  canedioyl  chloride  in  a  production  run  in  which  the 
reagent  concentrations  were  allowed  to  vary  within  limits  as 
shown.     The  acid  chloride  may  be  a  desirable  alternative  for 
sebacoyl  chloride  if  it  becomes  commercially  available  at  a 
competitive  price. 

As  mentioned  by  Dr.   Whitfield  and,   in  more  detail,   by  Dr.  Pittman,   our  labora- 
tory is  making  some  progress  in  multipurpose  finishing.     We  hope  that  laboratory 
results  that  combine  shrinkage  control  with  moth- proof ing,  water-  and  oil-repallency, 
and  coloration  will  be  ready  soon  for  pilot- scale  tests  and  eventual  commercial  use. 
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Discussion  of  Mr.  Miller's  Report 


Question:   What  was  the  weight  of  the  pieces  treated? 
Miller:       Fifty  to  60  pounds. 

Question:  Do  you  have  any  problem  with  corrosion? 

Miller:       The  HMDA  bath  gives  no  trouble.     We  have  found  that  Type  316  stainless 
steel  is  suitable  for  use  with  the  SC  bath. 

Question:   What  wetting  agent  was  used? 

Miller:        This  is  not  very  critical.    We  generally  use  Igepal  CO-710. 

Question:   How  and  how  closely  can  the  amount  of  polymer  deposition  be  controlled? 
Miller:       Polymer  deposition  is  controlled  mainly  through  the  concentration  of  the 
HMDA  bath,   its  temperature,   and  the  time  of  immersion.    Although  I  don't  have  in- 
formation about  the  variation  in  the  amount  of  polymer  deposited  during  a  run,  we 
find  that  it  is  not  necessary  to  control  the  conditions  more  carefully  than  I  have  in- 
dicated to  get  uniform  shrinkage  protection  and  handle,  especially  within  a  single 
pie  ce . 

Que stion:  How  do  you  monitor  the  bath  compositions  during  a  run? 
Miller:        The  SC  concentration  is  estimated  by  titrating  5  to  10  ml.   samples  with 
0.15N  KOH  in  ethyl  alcohol,  with  phenolphthalein  indicator.     The  validity  of  this 
estimate  depends  on  having  a  negligible  proportion  of  HCl,  which  is  ordinarily  re- 
moved effectively  by  the  molecular  sieve.     Impending  exhaustion  of  the  sieve  is 
indicated  by  increase  in  the  pumping  pressure  resulting  from  decreased  permeability 
of  the  sieve  bed.    HMDA  and  silicate  are  estimated  by  semiempir ical  titration  of  5 
to  10  ml.  samples  with  0.  1  N  HCl  as  follows.     The  sum  is  estimated  by  direct  titra- 
tion to  pH  7.  8  with  a  pH  meter.    A  duplicate  titration  made  in  the  presence  of  1  ml. 
of  40%  formaldehyde  gives  the  silicate  content.     The  difference  gives  the  HMDA. 
This  is  not  an  exact  method,   but  we  have  found  it  adequate  for  control. 

Request:     Please  explain  molecular  sieves  and  their  use  in  more  detail. 
Miller:       Molecular  sieves  are  synthetic,   crystalline  aluminosilicates,   some  of  them 
identical  with  natural  zeolites.     They  have  specific  structures  with  high  void  space 
and  fixed,  uniform  pore  openings.    Only  substances  with  molecules  small  enough  to 
pass  through  the  pores  can  be  adsorbed  strongly  in  quantity.    For  our  purposes  it  is 
desirable  to  keep  the  SC  bath  quite  dry  and  free  from  HCl.     Therefore  it  is  important 
to  pump  the  bath  liquid  quite  rapidly  through  the  sieve.     We  like  to  treat  a  volume 
equal  to  that  of  the  bath  in  a  few  minutes. 

Question:  Do  you  have  any  problem  with  an  exothermic  reaction  of  the  molecular 
sieve  heating  the  treating  bath? 
Miller:  No. 

Question:  How  is  the  sieve  regenerated? 

Miller:        The  spent  sieve  is  washed  thoroughly  with  a  water  solution  of  sodium 
carbonate  and  detergent  to  remove  solvent  and  neutralize  the  acid.     It  is  then  rinsed 
with  water  and  regenerated  by  heating.    A  temperature  of  400°  to  500°  F.  for  per- 
haps an  hour  is  recommended. 
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Question;  Does  use  of  dodecanedioyl  chloride  result  in  any  difference  in  coloring? 
Miller:  No. 


Question:  Have  you  ever  tried  dimer  acid  chloride  for  the  second  reagent? 
Miller:       Dimer  acid  chloride  was  tested  in  early  screening  studies.     It  has  not 
been  used  in  development  studies. 

Request:     Please  define  your  75-minute  laundering  test  in  more  detail. 
Miller:       Our  procedure  is  a  modification  of  the  AATCC  Tentative  Test  Method  99- 
1960  using  an  automatic,  agitator -type,  domestic  washing  machine.    Details  are 
given  by  W.  Fong,  R.  E.  Whitfield,   L.  A.  Miller,   and  A.  H.  Brown,  Am.  Dyestuff 
Reptr.  51,  9,  31  (196Z). 

Question:   Are  the  shrinkages  shown  for  successive  launderings  (Tables  4  and  5) 
individual  or  cumulative? 

Miller:       The  laundering  shrinkages  are  cumulative,   but  do  not  include  relaxation 
shrinkage. 

Question:   What  is  the  advantage  of  the  present  recommended  treating  conditions 
over  those  used  earlier? 

Miller:  Perhaps  the  biggest  advantage  is  that  we  use  less  HMDA,  realizing  an  im- 
portant saving  in  cost. 

Question:   Wouldn't  it  be  worthwhile  to  recover  solvent? 

Miller:       Although  this  may  be  debated,  we  believe  that  is  it  not  worthwhile. 
Question:   Can  you  tell  me  the  total  cost  of  the  treatment? 

Miller:       I  don't  feel  qualified  to  estimate  factors  other  than  the  chemical  costs 
given. 


WURLAN  TREATMENT  OF  TOP 
Willie  Fong 

Wool  and  Mohair  Laboratory,   USDA,  Albany,  California 

This  report  describes  development  research  carried  out  in  our  wool  processing 
pilot  plant  on  continuous  WURLAN  treatment  of  wool  top.    I  want  first  to  mention 
reasons  for  treating  top  rather  than  fabric. 

Reasons  for  WURLAN- treating  wool  in  the  form  of  top.    For  knit  material  we 
believe  it  more  practical  to  apply  the  WURLAN  process  to  top  than  to  fabric  or  made- 
up  garments.     Tubular  knit  fabrics  are  hard  to  treat  satisfactorily  by  the  WURLAN 
process  because  of  dimensional  distortion.    Furthermore,   treatment  of  knitwear  in 
garment  form  requires  batch  procedure  and  special  equipment. 

Second,   top  treatment  offers  an  alternative  method  for  tightly  constructed 
worsted  woven  fabrics  which  are  hard  to  penetrate  with  the  WURLAN  solutions.  Of 
course,  for  either  knit  material  or  woven  fabric,   top  treatment  would  be  feasible 
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only  if  the  felting  or  fulling  properties  of  wool  are  not  utilized  in  finishing. 

Third,   in  treating  a  blend  of  wool  with  other  fibers  to  make  a  washable  product, 
it  would  be  more  economical  to  treat  the  wool  by  itself  rather  than  the  blend. 

Fourth,  we  observe  that  top  treatment  always  gives  a  much  more  acceptable 
hand  than  treatment  of  the  corresponding  fabric,  primarily  because  fiber-to-fiber 
and  yarn-to-yarn  resin  bonds  do  not  exist  in  materials  made  from  WURLAN- treated 
top. 

Fifth,   top  treatment  would  make  WURLAN  treatment  available  to  smaller 
knitting  mills,  which  make  up  a  large  part  of  the  industry.     WURLAN  processing 
equipment  is  relatively  costly,   so  that  commission  treatment  by  a  common  top 
maker  would  be  more  economical  than  treatment  by  individual  small  manufacturers. 

Finally,   by  WURLANizing,  we  hope  to  develop  a  better  product  than  is  presently 
available.     Commercial  continuous  processes  now  used  to  make  top  shrink-resistant 
include  the  Kroy  process  (acid  chlor ination),   the  Harriset  process  (alkaline  chlori- 
nation),  and  the  Dylan  process,  using  peroxymonosulfur ic  acid  and  sodium  sulfite; 
in  addition  the  CSIRO  process,  which  we  understand  is  under  development,  uses 
potassium  permanganate  in  a  saturated  salt  solution.    All  of  these  processes  depend 
on  oxidative  attack  on  the  wool  fiber  surface;  as  a  result  the  extent  of  shrinkage  con- 
trol attainable  is  generally  limited  by  excessive  chemical  degradation.  However, 
when  properly  controlled,   these  processes  all  produce  acceptable  washability  in 
properly  designed  knit  constructions.    Millions  of  pounds  of  top  have  been  success- 
fully treated  by  chemical  oxidative  methods. 

The  WURLAN  procedure  is  a  promising  new  method  for  shrink-resist  treat- 
ment of  wool  top.     Because  it  is  a  resin  additive  treatment,   the  process  is  not 
limited  by  degradation.     It  offers  the  possibility  of  achieving  much  better  shrinkage 
control  than  is  possible  by  the  oxidative  methods  now  available. 

Initial  problems  in  processing  WURLAN  treated  top.    Our  preliminary  study  of 
top  treatment,  using  optimized  procedures  established  for  fabric  treatment,  showed 
that  although  excellent  shrink  proofing  could  be  attained,   treatment  of  top  resulted 
in  many  problems  in  subsequent  mechanical  processing.     These  first  WURLAN 
treatments  produced  a  heavily  matted  and  bonded  sliver  which  was  extremely  dif- 
ficult to  dry  and  could  not  be  processed  on  conventional  gilling  equipment.  Further- 
more,  the  resin  tended  to  flake  off  during  drawing  and  spinning,  giving  rise  to 
undesirable  dusting  and  rapid  accumulation  of  resin  around  the  drafting  rolls. 

Experimental  top  treating  range.   To  resolve  these  problems,   an  experimental 
treating  range  was  set  up  to  permit  fully  continuous  WURLAN  treatment  of  top.  In 
the  design  of  this  unit,   special  attempts  were  made  to  simulate  conditions  which 
would  permit  translating  our  pilot-scale  results  directly  to  practical  production, 
using  conventional  equipment  for  continuous  wet  processing  of  top,   such  as  back 
washers,   top  dryers,  and  heavy-duty  gill  boxes.    Our  top  treating  range  (which  was 
shown  in  operation  in  the  afternoon)  is  built  around  a  four-bowl,   pilot-scale,  raw- 
wool  scouring  train  already  available. 


151 


Figure  1  is  a  diagram  of  the  first  bowl.     The  overhead  rakes  in  the  original 
scouring  bowl  were  removed.    A  double  stainless  wire  belt  was  installed  to  convey 
the  top  through  the  aqueous  diamine  solution.     In  addition,   this  bowl  is  equipped 
with  circulating  pumps  to  facilitate  adding  makeup  reagent  and  to  provide  uniform 
mixing.    Regulated  steam  heat  is  used  to  control  the  temperature.     Top  is  fed  to  the 
unit  as  shown  in  Figure  Z  from  the  center  of  balls  through  a  tensioning  arrangement 
at  the  feed  end  (at  the  left  of  Figure  1)  and  sandwiched  between  the  two  stainless 
steel  belts.    A  maximum  of  six  ends  can  be  fed.    At  capacity  the  unit  can  process 
more  than  100  pounds  per  hour. 


TOP 
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Figure  1:    Diagram  of  first  bowl  of  experimental  top  treating  range  with 
stainless  steel  belt  conveyer  and  high  pressure  mangle. 


Figure  2:    Feed  end  of  first  bowl  with  four  ends  of  top  being  treated. 
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Figure  3  is  a  diagram  of  the  second  bowl,  for  which  a  specially  designed, 
minimum- volume  immersion  tank  was  installed  for  applying  the  second  treating  sol- 
ution.    The  top  strand  is  bonded  by  the  reaction  so  that  it  can  be  palled  through  the 
solvent  solution  and  subsequent  scouring  and  rinsing  without  the  mechanical  con- 
veyance required  in  the  diamine  bowl.    Also  shown  in  the  drawing  is  the  solution 
drying  system  described  previously  by  Mr.  Miller.    Figure  4  shows  the  top  emerging 
from  the  solvent  bath  and  entering  the  nip  of  the  squeeze  rolls.     The  pressure  vessel 
on  the  left  side  with  an  attached  pressure  gage  is  the  solvent  drying  unit. 

DRreR  SYSTEM  FOR 


V  Ol^eRPLOIV  RETURN  PUMP 

Figure  3:    Diagram  of  second  bowl  of  experimental  top-treating 
range  with  unit  for  drying  the  treating  solution. 


Figure  4:    Top  emergmg  from  nonaqueous  solution  in  second  bowl  to 
squeeze  rolls.     The  solution  drying  unit  is  also  shown. 
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After  going  tiirough  the  second  bowl,  the  treated  top  is  conveyed  directly  to  the 
third  bowl  charged  with  a  nonionic  detergent  and  formic  acid  to  remove  solvent  and 
to  neutralize  unreacted  alkali  and  diamine.    In  a  fourth  bowl,   the  treated  top  is 
rinsed  with  water.    Finally  it  is  dried.    Figure  5  shows  the  delivery  end  of  the  dryer, 
originally  designed  as  a  raw-stock,   conveyor-type  dryer  which  we  modified  by  in- 
corporating a  multipass  arrangement  to  permit  continuous  drying. 


Figure  5:   Treated  top  being  collected  from  delivery  end  ui  raw 
stock  drier,   slightly  modified  for  multipass  drying. 

Conditions  of  treatment.    For  experiments  now  to  be  described,   the  top  treating 
range  was  operated  at  8  yards  per  minute  to  simulate  processing  conditions  in  com- 
mercial backwashing  equipment.    For  each  experimental  run,   two  ends  from  ten- 
pound  balls  of  64s  and  54s  top  were  treated  simultaneously.     The  sliver  weight  was 
3  oz.  /5  yard  (280  gr.  /yard).    Each  run  took  about  30  minutes. 

For  short  experimental  runs,  the  diamine  bowl  was  charged  with  120  gallons  of 
treating  solution.     The  bath  was  maintained  at  120  *F.     With  an  operating  speed  of  8 
yards  per  minute,  the  immersion  time  was  30  seconds,  about  the  maximum  attain- 
able in  commercial  top  shrink- re s ist  treating  ranges.    In  our  earlier  work,  which  I 
will  discuss  first,   the  alkali  used  was  sodium  carbonate  at  a  concentration  twice  that 
of  the  diamine.     Unless  otherwise  stated,   the  wetting  agent  was  0,05%  Igepal  CO-710, 
which  is  nonionic. 

For  the  second  bath  in  short  experimental  runs,   60  liters  of  the  nonaqueous 
treating  solution  was  used.    Except  as  otherwise  noted,   it  was  made  up  with 
Stoddard  solvent.     The  immersion  time  at  8  yards  per  minute  was  approximately 
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10  seconds.    This  bath  temperature  was  about  70-75  "F.    In  all  cases  the  reagent 
concentration  was  2%  by  volume.    No  attempt  was  made  to  control  the  concentration 
of  either  the  diamine  or  diacid  chloride  treating  solution.    For  these  short  runs,  the 
relatively  large  volumes  used  insured  sufficiently  uniform  treatment. 

Shrinkage  tests.    Before  discussing  experimental  results  I  want  next  to  outline 
our  methods  for  evaluating  felting  shrinkage.    In  our  TK  knit  fabric  shrinkage  test, 
the  treated  top  is  spun  into  a  single  Z6s-worsted- count  yarn  with  11  tpi.    This  yarn 
is  knitted  into  a  tubular  fabric  ona_nl8  cut,  4-inch-diameter,  sample  knitting  machine. 
The  wet  relaxed  fabric  has  a  cover  factor  of  1.  3--a  fairly  tight  construction.  We 
calculate  cover  factor,  following  Munden,  as  unity  divided  by  the  product  of  the 
stitch  length  and  the  square  root  of  the  worsted  count.    The  same  accelerated  75- 
minute  wash  test  is  used  as  for  woven  fabrics. 

In  our  Ainslie  knit  fabric  shrinkage  procedure,  the  treated  top  is  spun  into  a 
2-ply  20s-wor sted-count  yarn,  using  normal  knitting  yarn  twist  (8.  5  tpi  in  the 
singles,  4.  5  in  the  ply).    Two  ends  of  this  yarn  are  knitted  into  a  tubular  test  fabric 
on  a  6-cut,  4- inch- diameter  machine.    This  very  loosely  constructed  fabric  has  a 
wet  relaxed  cover  factor  of  0.  7.    After  relajcation  by  wetting  and  tumble-drying,  the 
knit  tubing  is  given  two  75-minute  wash  and  tumble  dry  cycles.    Shrinkage  is  eval- 
uated only  from  the  change  in  length,  since  the  width  of  the  tubing  is  too  narrow  to 
measure  accurately. 

A  third  shrinkage  test  uses  narrow  width  fabric  woven  on  a  sample  weaving 
machine.    The  yarn  is  the  same  as  that  used  for  the  TK  knit  test.    It  is  inserted  as 
fill  with  a  cotton  warp,  using  a  plain  weave.    After  relajcation,  this  test  fabric  has 
a  warp  cover  of  70%  and  fill  cover  of  85%.    The  wash  test  procedure  is  our  standard 
one  with  four  75-minute  wash  cycles  with  press  drying.    Results  are  expressed  as 
shrinkage  of  the  wool  fill.    All  shrinkage  results  reported  are  based  on  undyedfabric. 

As  might  be  expected,  the  various  procedures  give  estimates  of  shrinkage  that 
are  usually  well  correlated  but  occasionally  differ  substantially.    This  means,  for 
example,  that  the  shrinkage  of  a  loosely  knit  fabric,  as  in  the  Ainslie  test,  cannot 
always  be  predicted  accurately  from  measurement  of  TK-knit  shrinkage.  Measure- 
ment of  top  fiber  adhesion  is  also  important  In  this  study.    Its  measurement  has  been 
described  by  Mr.  O'Connell. 

Some  effects  of  bath  composition.    I  am  now  ready  to  summarize  effects  of 
various  chajiges  in  the  reagents  used,  their  concentration,  the  solvent,  and  certain 
additives  on  fiber  bonding  and  shrinkage  protection.    Table  1  summarizes  results 
of  treating  top  with  hexamethylene- diamine  (HMDA)  and  sebacoyl  chloride  (SC.  ) 

The  first  line  shows  resxilts  for  1%  HlvIDA  and  2%  sebacoyl  chloride,  represent- 
ing our  normal  fabric  treating  concentrations.    The  treated  top  adhesion  before  re- 
gilling,  175  for  the  64s  and  115  for  54s,  is  exceedingly  high  in  comparison  to  that  of 
untreated  top,  which  has  an  adhesion  value  of  less  than  4  grams/grain/yard.  Shrink- 
age control  is  appreciable.    Untreated  wool  would  show  more  than  25%  shrinkage  in 
one  75-minute  wash  in  the  woven  fabric  and  more  than  40%  shrinkage  in  one  75- 
muiute  wash  Ln  the  Ainslie  knit  structure. 
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Table  l.--Top  treatment  with  hexamethylene  diamine  and  sebacoyl  chloride--ef fects  of 


treatment  variation. 


Treated 

top 

Shrinkage 

7 

adhesir 1 
(gm/gr/yd) 

Woven 

Ainslie 

knit 

Treatment 
1%  HMDA,  2%  SC 
(by  weight) 

64  s 
175 

54s 
115 

64s 
12.5 

54s 
13.2 

64  s 
1778 

54s 
2775 

Same  except , 

Aromatic  solvent 
(Socal  25) 

133 

122 

7.0 

11.7 

5.7 

21.7 

Same  except, 

Anionic  wetting  agent 
(Alkawet  15) 

157 

157 

3.8 

2.8 

11.8 

21.4 

Same  except, 

1%  Stearoyl  chloride 
added  to  SC  bath 

75.4 

15.3 

21.8 

The  second  line  shows 

results  when  an 

aromatic 

solvent  is  used 

in  place 

of 

Stoddard  solvent,  which  is  an  aliphatic  hydrocarbon  mixture.    Very  little  change 
occurs  in  the  adhesion.    In  agreement  with  our  experience  with  fabric  treatment, 
shrinkage  control  is  improved,  especially  with  the  finer  64s  wool.    I  might  mention 
at  this  point  that  in  spite  of  the  known  greater  felting  potential  of  fine  wool,  our 
results  generally  show  that  the  coarser  54s  wool  is  more  difficult  to  stabilize.  When 
anionic  wetting  agent  is  used  in  place  of  the  nonionic  wetting  agent  in  the  HMDA  sol- 
ution, no  improvement  in  adhesion  occurs;  however  very  marked  improvement  occurs 
in  the  woven  fabric  shrinkage  control  and  moderate  improvement  in  the  Ainslie  knit. 

The  bottom  line  shows  the  result  of  adding  1%  of  stearoyl  chloride,  a  mono- 
functional  acid  chloride,  to  the  2%  sebacoyl  chloride  bath.    Selection  of  this  partic- 
ular mono  acid  chloride  and  the  1%  addition  level  was  based  on  prior  fabric  screening 
which  showed  that  these  conditions  had  minimum  effect  on  shrinkage  control. 
Stearoyl  chloride  has  a  very  significant  effect  in  lowering  fiber  bonding  with  only 
slight  lowering  of  shrinkage  control.    However,  the  adhesion  level  is  still  too  high 
for  processing  on  conventional  gilling  equipment.    In  our  experience  the  adhesion 
level  should  be  no  more  than  20  to  30  grams /grain/yard  for  satisfactory  gilling. 
Although  lower  adhesion  could  be  achieved  with  higher  concentration  of  monofunc- 
tional  acid  chloride,   shriixkage  control  woidd  be  further  sacrificed.    Another  dis- 
advantage of  this  way  of  lowering  fiber  bonding  is  the  difficulty  of  controlling  reagent 
concentration  in  a  multicomponent  bath. 

Our  next  step  toward  practical  top  treatment  was  to  try  other  reagent  combina- 
tions already  shown  to  be  effective  for  fabric.    Table  2  summarizes  results  obtained 
with  trimethylene  diamine  (TMDA:    1,  3-diamino  propane:    H2NCH2CH2CH2NH2)  and 
SC.    A  treatment  level  of  1%  TMDA  and  2%  SC  results  in  very  marked  decrease  in 
fiber  bonding  and  the  treated  top  shows  a  level  of  shrinkage  control  slightly  better 
than  after  treatment  with  1%  HMDA.    The  treated  top  under  these  conditions  was 
open  and  gave  ho  trouble  in  drying  ajid  gilling. 
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Table  2. --Top  treatment  with  trimethylene  diamine  and  sebacoyl  chloride--ef feet  of 


treatment  variation. 


Treated 

top 

Shrinkage, 

/o 

adhesion 

Woven 

A  "I  r>R  1  IP 

f\  X  lla  X  X  C 

knit 

Treatment 

64s 

54  s 

64s 

54s 

64  s 

54  s 

1%  TMDA,  2%  SC 

26.2 

17.3 

9.3 

13.2 

11.0 

16.5 

2%  TMDA,  27o  SC 

242.0 

21.2 

17o  TMDA,  27o  SC 

38.4 

30.4 

15.0 

14.0 

20.3 

17.7 

aromatic  solvent 

17,  HMDA,  27o  SC 

175.0 

115.0 

12.5 

13.2 

17.8 

27.5 

Attempts  to  achieve  still  better  shrinkage  control  by  increasing  the  TMDA  con- 
centration to  Z%  were,  however,   totally  unsuccessful.     The  treated  strand  was 
extremely  strongly  bonded,  as  shown  by  an  adhesion  value  of  242  grams /grain/yard 
and,  somewhat  unexpectedly,  the  shrinkage  control  was  poorer  than  at  the  1%  treat- 
ment level.     We  attribute  this  loss  of  shrinkage  control  to  fiber  breakage  which 
occurred  in  pulling  apart  the  heavily  bonded  sliver.    It  is  generally  recognized  that 
felting  tends  to  be  greater  in  material  with  short  fibers. 

The  third  line  in  Table  2  shows  the  results  of  using  1%  TMDA,  and  in  the  second 
bath,   2%  SC  in  an  aromatic  solvent  in  place  of  Stoddard.     Increased  fiber  bonding 
occurs,  and  also,   in  contrast  to  results  previously  shown  for  HMDA,  decreased 
shrinkage  control. 

Table  3  summarizes  our  screening  of  various  bischloroformates  (CICOOCH2  

CH^OCOCl,  e.g.  hexanediol  bischloroformate:    CICOOCH2CH2  CH2CH2CH2CH2- 
OCOCl)    in  combination  with  HMDA  to  form  polyurethane  resin  coatings  on  the  fiber. 
Our  top  treatment  studies  of  bischloroformates  were  limited  to  HMDA,  since  tests 
with  fabric  indicate  that  TMDA  is  much  less  effective.     The  combination  of  1%  HMDA 
with  2%  hexanediol  bischloroformate  shows  a  moderate  degree  of  bonding,  approxi- 
mately 80  grams /grain/yard,  considerably  higher  than  an  acceptable  level  of  20  to 
30.    However,  the  degree  of  shrinkage  control  is  outstanding,  particularly  in  the 
Ainslie  knit  test  which  is  much  more  stringent  than  woven  fabric  shrinkage. 

When  butanediol  bischloroformate  is  used,   the  physical  condition  of  the  treated 
sliver  is  very  open  and  lofty  as  shown  by  the  low  treated-top-adhesion  values  of  16 
to  22.    Shrinkage  control  in  the  woven  fabric  tests  is  better  than  with  1%  HMDA,  2% 
SC,   but  in  the  more  severe  Ainslie  knit  test  shrinkage  control  is  about  the  same  as 
with  the  HMDA-SC  combination. 

Finally  diethyleneglycol  bischloroformate,  even  at  a  treatment  level  of  2% 
HMDA,  gives  very  poor  shrinkage  control.     These  results  are  somewhat  disap- 
pointing since  this  is  the  only  bischloroformate  now  available  in  market  quantities. 

Results  for  monoethyleneglycol  bischloroformate  are  omitted.     Top  shrinkage 
was  excessiveand treated  material  was  not  tested  as  fabric. 

Results  of  treatment  with  dodecanedioyl  chloride  (DC)  in  combination  with 
HMDA  and  TMDA  are  given  in  Table  4  along  with  results  with  SC,  already  pre- 
sented, for  comparison.    As  Mr.  Miller  has  said,   DC  is  especially  interesting 
because  it  is  much  more  stable  toward  hydrolysis  and  in  fabric  screening  has  given 
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Table  3. --Top  treatment  with  hexamethylene  diamine- -comparison  of  bischloroformates 
 and  sebacoyl  chloride  for  second  bath.  


Treatment 
17o  HMDA 
2%  Hexanediol 
bischloroformate 


Treated  top 
adhesion 
(gm/gr/yd) 
64s  54s 
83  78 


Shrinkage,  "L 


Woven 


64s  54s 
5.1  3.1 


Ainslie  knit 
64s  54s 
3.8  7.8 


1%  HMDA 
2%  Butanediol 
bischloroformate 


22.6  16.5 


8.3  4.8 


17.3  17.7 


2%  HMDA 

Tlo  Diethyleneglycol 
bischloroformate 


19.1  16.0 


35.0  37.0 


1%  HMDA 
27„  SC 


175.0  115.0 


12.5  13.2 


17.8  27.5 


Table  4. --Top  treatment  with  hexamethylene  diamine  or  trimethylene  diamine--comparison 
 of  dodecanedioyl  chloride  and  sebacoyl  chloride.  


Treated 

top 

adhesion 

Shrinkage, 

7c 

(gm/gr/yd) 

Woven 

Ainslie 

knit 

Treatment 

64s 

54s 

64s 

54s 

64s 

54s 

1%  HMDA,  27,  DC 

119 

119 

9.3 

14.0 

19.7 

31.8 

17.  HMDA,  27o  SC 

175 

115 

12.5 

13.2 

17.8 

27.5 

17o  TMDA,  27o  DC 

44 

36 

10.8 

14.8 

20.0 

34.3 

17o  TMDA,  27.  SC 

26 

17 

9.3 

13.2 

11.0 

16.5 

a  much  more  acceptable  hand.    Our  results  with  DC  in  top  treatment  are  very 
similar  to  those  with  SC.    Adhesion  with  HMDA  is  extremely  high  and  with  TMDA 
relatively  low.    Shrinkage  control  with  HMDA  is  about  the  same  for  both  diacid 
chlorides,  whereas  with  TMDA,  DC  appears  somewhat  less  effective,  judging  from 
results  with  Ainslie  knit  fabric. 

To  summarize,  our  results  so  far  show  the  most  promising  combination  for 
top  treatment  to  be  TMDA  with  SC,  since  both  are  already  available  in  commercial 
quantities.    Alternative  combinations  which  give  comparable  shrinkage  control  with- 
out excessive  fiber  adhesion  would  be  HMDA  with  butanediol  bischloroformate  and 
TMDA  with  DC.    At  best,  all  combinations  described  so  far  have  the  common  short- 
coming of  resin  dusting  and  rub-off  during  mechanical  processing  into  yarn.  Further- 
more, the  shrinkage  control  attainable  is  very  definitely  restricted,  since  attempts 
to  increase  the  diamine  treating  level  invariably  led  to  excessive  resin  bonding  with 
its  attendant  problems. 

Optimization  of  treating  conditions.  We  therefore  undertook  further  work  to 
decrease  fiber  bonding  without  loss  of  shrinkage  control.    This  we  attempted  by 
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lowering  the  diamine  concentration,   in  this  way  decreasing  resin  formation  between 
fibers.    Between-f iber  resin  formation  is  responsible  for  fiber  bonding  and  resin 
dusting.    At  the  same  time,  attempts  were  made  to  increase  surface  resin  formation 
selectively.  Resin  deposition  on  the  fiber  surface,  not  that  between  fibers,   is  most 
effective  for  reducing  felting  shrinkage.     The  extent  of  preferential  surface  resin 
deposition  depends  largely  on  the  amount  of  diamine  selectively  absorbed  by  the  wool 
during  its  passage  through  the  diamine  bath.     Therefore  our  problem  is  to  optimize 
those  factors  which  increase  the  rate  and  amount  of  diamine  absorbed  by  the  wool 
from  dilute  diamine  solutions  without  chemical  damage  and  within  immersion  times 
which  are  technically  feasible. 


Accordingly,  an  optimization  study  outlined  in  Table  5  were  carried  out  with 
HMDA  and  SC,  based  on  complete  factorial  design  with  four  selected  factors,  each 
tested  at  two  levels.     The  factors  selected  for  study  were  HMDA  bath  concentration, 

Table  5 .--Experimental  plan  to  optimize  top  treating  conditions  (4  factors  -  2  levels) 

Factor 

Low  level 

High  level 

HMDA  concentration 

1/4% 

1/2% 

HMDA  temperature 

110°F. 

140 °F. 

Immersion  time 

30  sec  (HMDA) 

60  sec  (HMDA) 

10  sec  (SC) 

20  sec  (SC) 

(speed) 

(8  ypm) 

(4  ypm) 

HMDA  pH 

Na2C03 

Na2Si03 

temperature,   immersion  time,   and  pH  (governed  by  the  alkaline  salt  used).  The 
HMDA  concentration  at  the  low  level  was  1/4%  and  the  high  level  1/Z%.     The  HMDA 
bath  temperature  at  the  low  level  was  maintained  at  110  °  F.  and  at  the  high  level, 
140  °F.     Immersion  time  was  controlled  by  adjusting  the  processing  speed.    At  the 
low  level,  treatment  was  carried  out  at  8  yards /minute,  giving  30  seconds  of  im- 
mersion in  the  HMDA  bath  and  10  seconds  in  the  SC  bath.    At  the  high  level  the  speed 
was  reduced  to  4  yards /minute,  giving  60  seconds  in  the  HMDA  bath  and  20  seconds 
in  the  SC  bath.    For  the  low  level  of  pH,  sodium  carbonate  was  added  to  the  diamine 
bath  at  a  concentration  twice  that  of  the  HMDA  (by  weight);  for  the  high  level,  sodium 
metasilicate  was  used,  again  at  twice  the  concentration  of  the  HMDA. 

In  a  complete  factorial  experiment,  all  combinations  of  all  levels  of  all  factors 
are  tested.    Accordingly  our  4-factor,   2-level  experiment  required  16  different 
treatment  combinations.    A  10-pound  portion  of  a  single  commercial  lot  of  64s 
domestic  wool  was  treated  in  each  run.    Nacconol  NRSF,  an  anionic  detergent,  was 
used  at  0.  05%  in  the  HMDA  baths  as  a  wetting  agent;  the  second  bath  in  each  case 
consisted  of  2%  SC  in  Stoddard  solvent.    The  statistical  analysis  of  the  woven  fabric 
felting  shrinkages  is  summarized  in  Table  6.    All  of  the  main  factor  responses  are 
statistically  significant  and  the  factors  are  listed  in  order  of  their  average  shrink- 
age difference  between  all  tests  at  the  high  level  of  the  indicated  factor  and  all  tests 
at  the  low  level.    The  tabulated  values  are  all  negative  because  better  shrinkage 
control  is  obtained  at  the  high  level  of  all  factors.    Although  I  have  not  listed  them, 
all  second-order  effects  except  the  interaction  of  temperature  and  pH  are  significant. 
This  means,  for  example,  that  the  effect  of  immersion  time  on  shrinkage  varies  in 
magnitude  with  the  concentration,  the  pH,  and  the  time,  and  similarly  for  other 
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Table  6 .--Statistical  interpretation  of  woven  fabric  shrinkage. 


Factor 

Concentration 
PH 

Immersion  time  (speed) 
Temperature 


Average  shrinkage  difference,  % 
(High  level  -  Low  level)  

-12.5* 

-  9.6* 

-  8.5* 

-  6.3* 


*Miniraum  difference 
for  signficance  = 
1.9%,  17o  probability 
level . 


All  second  order  effects  significant,   except  temperature  x  pH. 
Estimated  standard  deviation  of  woven  fabric  shrinkage  =  1.87o. 
Standard  error  =  1.27%  (n  =  2) . 

pairs  of  factors  except  temperature  and  pH.    Since  shrinkage  determination  for  each 

treatment  combination  was  duplicated,   the  estimated  standard  deviation  of  the 

woven  fabric  shrinkage  determination,  1.8%,   corresponds  to  the  standard  error,  1.3%. 

Table  7  shows  similar  treatment  of  top  adhesion.     The  effects  of  concentration, 
pH,   and  temperature  are  all  positive  and  statistically  significant.     This  means  that 

Table  7 .--Statistical  interpretation  of  treated  top  adhesion.  


Factor 

Concentration 
pH 

Temperature 

Immersion  time  (speed) 


Average  adhesion  difference 
(High  level  -  Low  level) 
 (gm/gr/yd)  

69.5* 
42.8* 
23.2* 
0.07 


*Minimum  difference 

for  signficance  = 
16,1,  05%  probability 
level . 


All  second  order  effects  signficant,  except  those  involving  time. 
Estimated  standard  deviation  of  adhesion  =  10.5  gm/gr/yd. 
Standard  error  =  3.3  gm/gr/yd  (n  =  10). 


the  high  level  of  each  of  these  three  factors  results  in  the  greater  top  adhesion. 
Perhaps  the  most  important  result  of  this  analysis  is  the  evidence  that  top  adhesion 
does  not  depend  on  immersion  time.     This  means  that  within  practical  limitations 
of  equipment  size,   solution  volume,   and  treatment  speed,   shrinkage  effectiveness 
can  be  improved  without  increase  in  fiber  bonding  by  providing  longer  immersion 
time  in  the  treating  solution.    Again  two-factor  interactions  are  not  listed,   but  all 
of  these  effects  are  significant  except  those  involving  time.     The  estimated  standard 
deviation  of  the  adhesion  test  is  10.  5  grams /grain/yard;  since  10  replicates  were 
made  for  each  determination,  the  standard  error  is  3.  3. 

Figure  6  is  a  scatter  diagram  showing  the  relation  of  top  adhesion  and  woven 
fabric  shrinkage  for  all  16  treatment  combinations.    For  each  experimental  point, 
the  treatment  combination  is  identified  by  the  following  code  system.    All  black 
circles,   open  or  solid,   represent  treatment  with  sodium  metasilicate  and  similarly 
all  gray  circles  represent  treatment  with  sodium  carbonate.    Open  circles,  regard- 
less of  shade,   represent  treatment  with  1/4%  HMDA  and  solid  circles  represent 
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Figure  6:  Scatter  diagram  showing  the  relationship  of  woven  fabric 
shrinkage  and  top  adhesion  for  16  treatment  combinations 
with  hexamethylene  diamine  and  sebacoyl  chloride.  For 
key  to  symbols,   see  text. 

treatment  at  1/2%  HMDA.    A  line  projecting  upward  represents  high- tempe rature 
treatment  and  one  projecting  downward  represents  low-temperature  treatment  and 
finally,  high-speed  processing  is  represented  by  a  short  line  projecting  to  the  right 
and  low  speed  by  a  line  projecting  to  left. 


It  is  fairly  easy  to  see  that  on  the  average  all  gray  points,   representing  treat- 
ment with  sodium  carbonate,   show  higher  shrinkage  and  lower  adhesion  than  tlie 
black  points  representing  sodium  metasilicate.    It  is  also  evident  that  open  circles, 
representing  treatment  with  1/4%  HMDA,   show  considerably  lower  adhesion  and,  on 
the  average,  higher  shrinkage  than  treatment  at  1/2%  HMDA,   represented  by  the 
solid  circles.    Perhaps  the  most  interesting  result  on  this  scatter  plot  is  the 
extremely  wide  variation  in  shrinkage  control,  from  38%  to  5%,  observed  for  treat- 
ment with  1/4%  HMDA  (open  circles),  depending  on  the  particular  combination  of  pH, 
temperature,  and  immersion  time. 
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Of  coarse  the  main  object  of  this  experiment  is  to  optimize  treating  conditions 
so  as  to  realize  greatest  control  of  shrinkage  and  at  the  same  time  least  fiber  ad- 
hesion.   You  can  readily  see  that  these  conditions  are  best  satisfied  by  the  three 
black  open  circles  in  the  lower  left-hand  corner  of  this  plot.     These  treatment 
combinations  all  represent  treatment  with  1/4%  HMDA  in  the  presence  of  1/2% 
sodium  metasilicate.    For  effective  results  at  high  processing  spaed,  high  tempera- 
ture is  required,  whereas  at  the  lower  speed,   similar  results  were  obtained  at  both 
temperatures. 

From  a  practical  viewpoint,   because  of  limitation  of  immersion  time  in  com- 
mercial top  backwashing  equipment,  treatment  with  1/4%  HMDA  and  1/Z%  sodium 
metasilicate  at  a  temperature  of  140  °  F.  appears  to  be  most  acceptable.    In  contrast 
to  previous  treatments  at  1%  HMDA  with  sodium  carbonate  and  at  a  lower  temperature 
top  treated  under  these  optimized  conditions  gave  no  trouble  in  mechanical  processing 
The  shrinkage  control  is  adequate  for  many  end  uses  in  washable  knit  wear  and  the 
hand  after  dyeing  and  finishing  is  very  acceptable.     This  combination  of  low  diamine 
concentration,  high  pH,  high  temperature,  and  high  speed  will  be  used  this  after- 
noon in  our  demonstration.     This  combination  was  also  used  in  treating  the  top  from 
which  we  made  the  various  knitted  samples  on  display  in  our  exhibit. 

Time  will  not  permit  me  to  discuss  the  physical  properties  of  the  top  treated 
under  the  wide  range  of  conditions  represented  in  our  factorial  experiment.     I  should 
mention,  however,   that  no  adverse  effect  was  observed  for  treatment  at  the  1/4% 
HMDA  level  regardless  of  pH,   temperature,   or  time  of  immersion.    However,  at 
the  1/2%  HMDA  level  with  1%  sodium  metasilicate,  very  definite  alkali  damage 
occurred  at  the  higher  temperature  (140  °  F.  ). 

We  have  in  progress  further  studies  with  other  reagent  combinations  under  the 
optimized  conditions  of  time,   pH,  and  temperature  defined  by  this  factorial  experi- 
ment.    These  studies  aim  to  achieve  (1)  still  better  shrinkage  control  with  minimum 
effect  on  fiber  processing  behavior,  (2)  still  shorter  optimum  immersion  times,  to 
permit  processing  on  conventional  backwashing  equipment,   and  (3)  improved  handle 
of  the  finished  product. 

In  conclusion,   I  want  to  point  out  briefly  that  WURLAN  treatment  under  the  low- 
bonding  conditions  which  I  have  described  opens  up  new  possibilities  for  blankets  and 
other  materials,   such  as  yarn  and  carpeting,  where  resin  bonding  is  undesirable. 

Discussion  of  Mr.  Fong's  Report 

Question:   What  does  TK  in  the  TK  knit  shrinkage  test  stand  for? 

Fong:  TK  (tubular  knit?)  is  the  maker's  designation  for  the  machine  we  used  to 

knit  the  more  tightly  constructed,   as  distinct  from  the  loose  Ainslie  fabric. 

Question:   When  top  is  treated  for  shrinkage  resistance  by  conventional  chemical 

methods,   there  is  often  difficulty  in  blending  the  treated  material  with,  for  example, 

an  end  of  untreated  sliver.     Can  WURLAN  treated  top  be  blended  normally  with  un-  ' 

treated  top?    If  so,   how  does  blending  affect  shrinkage  control? 

Fong:  We  haven't  made  studies  of  this  sort.     In  general  I  would  expect  the 

WURLAN  treated  top  to  blend  normally,   but  that  shrinkage  control  would  be 

decreased. 
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Ouestion:   Do  you  test  your  treated  fabrics  for  pilling? 

Fong:  Not  regularly,    A  few  trials  have  shown  that  fabrics  made  from  WURL.AN 

treated  top  pilled  less  than  corresponding  untreated  materials. 

Ouestion:   What  about  the  cost  of  treatment? 

Fong:  I  would  guess,   as  a  very  rough  estimate,   that  the  cost  for  chemicals  might 

be  about  5  or  6  cents  per  pound  of  top  treated, 

Ouestion:  Since  water  remaining  in  the  wool  after  the  diamine  bath  must  be  removed 
from  the  second  bath,  would  it  be  economically  desirable  to  dry  the  fabric  before  the 
second  part  of  the  treatment? 

Fong:  Several  complications  develop  if  the  fabric  is  dried  before  the  second  dip. 

First,  the  increased  alkalinity  tends  to  damage  the  wool.  Second,  the  solvent  uptake 
increases  enormously,   by  70  to  80%, 

Comment:  I  should  think  that  air-jet  driers  might  be  used  to  remove  surface  water, 
as  in  the  paper  industry. 

Fong:  If  possible,   we  would  like  to  avoid  an  extra  drying  step. 


DEMONSTRATION  OF  WURLAN  TREATMENT  OF  WOOL  TOP.  The 
conference  ended  on  Friday  afternoon.   May  15,  with  a  visit  to  the  USDA  Wool  and 
Mohair  Laboratory  in  Albany,   California,   including  a  tour  of  the  processing  labora- 
tory, where  WURLAN  treatment  of  top  was  demonstrated  as  follows: 

Two  ends  of  a  commercial  domestic  64s  top  each  weighing  240  grains/yard 
were  treated  at  8  yards  per  minute.     The  top  was  first  carried  between  stainless  steel 
wire  mesh  belting  into  a  180-gallon  bath  at  140  "F.  containing  0,  25%  hexamethylene 
diamine,   0.  5%  sodium  metasilicate,   and  0,1%  Nacconol  NRDB  (an  anionic  detergent 
with  40%  active  ingredient).     Mechanical  support  was  used  only  in  this  first  bath. 

The  top  then  passed  between  two-ton  squeeze  rolls,  the  upper  roll  of  which 
was  covered  with  a  layer  of  top  to  aid  removal  of  liquid,  leaving  a  wet  pickup  of  less 
than  50%,   and  into  a  bath  at  room  temperature  containing  75  liters  of  3%  (by  volume) 
sebacoyl  chloride  in  Standard  Thinner  325.     This  bath  was  kept  dry  and  free  from 
excess  hydrochloric  acid  by  continual  circulation  through  a  bed  of  Linde  Molecular 
Sieve  AW  500  in  the  form  of  1/8-inch  pellets. 

The  treated  top  then  passed  between  squeeze  rolls  into  a  130-gallon  bath  at 
120  °F,  containing  0.1%  Igepal  CO-710  (a  nonionic  wetting  agent)  and  0.  05%  formic 
acid.    A 'fourth  bowl  provided  a  final  rinse  in  130  gallons  of  water  at  110  '  F. 

The  treated  top  was  dried  in  a  raw  stock  drier  atl90°F.  using  a  multipass 
arrangement.     It  was  then  ready  for  regilling  and  further  processing  by  the  usual 
methods . 
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PROCESSING  WURLAN- TREATED  TOP 


Walter  W.  Ingenthron,  Jr. 
Wool  and  Mohair  Laboratory,  USDA,  Albany,  California 

Mr.  Fong  has  described  changes  in  WURLAN  treated  top  resulting  from  changes 
in  the  chemicals  used  and  conditions  of  treatment.    The  results  were  evaluated  by 
measuring  properties  such  as  fiber  adhesion  and  shrinkage  of  knit  and  woven  fabrics; 
in  addition,  various  other  properties  of  the  top  such  as  drafting  force,   staple  length, 
and  color  can  be  defined  by  appropriate  standard  or  special  tests,  some  of  which  have 
been  described  by  Mr.  O'Connell.    However,  the  measurable  properties  of  the  top 
are  not  dependable  indicators  of  shrinkage  and  other  fabric  properties  of  knitted  or 
woven  fabrics  derived  from  the  top.    This  fact  leaves  us  with  no  alternative  other 
than  processing  each  experimental  lot  into  yarn  and  fabric  in  order  to  judge  its  value. 
Obviously,  processing  must  be  technically  possible;  it  is  our  task  to  define  the  neces- 
sary conditions. 

Now  although  we  are  first  of  all  interested  in  developing  an  acceptable  product, 
acceptability  of  the  process  by  which  it  is  obtained  is  hardly  less  important.  Our 
second  task  is  to  judge  the  commercial  acceptability  of  WURLAN  treated  top  with 
respect  to  its  processing  behavior.    Practically  speaking,  treated  top  must  be 
processed  with  the  usual  textile  machinery  with  normally  accessible  adjustments  and 
at  normal  production  rates.    We  have  evaluated  the  behavior  of  experimental  top  on 
this  basis  during  drawing,  spinning,  knitting  and  weaving  for  comparison  with  labora- 
tory tests  of  top  and  fabric. 

Top  properties  and  processing  behavior.  Table  1  shows  some  relationships 
between  experimental  WURLAN  treatments,  top  properties,  and  drafting  behavior. 
The  first  three  tops  are  64s  of  our  own  combing  from  wool  grown  at  Dubois,  Idaho. 
The  last  three  are  from  a  commercial  64s  top  of  the  same  weight.    All  tests  of 
drafting  force,  fiber  adhesion,  and  fiber  length  of  the  treated  lots  were  made  on 
sliver  weighing     260  grains  per  yard. 

One  conspicuous  result  of  WURLAN  treatment  is  the  increase  in  drafting  force, 
shown  in  column  three,  determined  with  the  Instron  tester  as  described  by  Mr. 
O'Connell.    (The  appreciable  difference  between  the  untreated  tops  is  probably  due  to 
the  difference  in  oil  content,   respectively  0.  5  and  1.  7%  for  P-2060  and  P-2108.  An 
observed  difference  in  crimp  may  also  contribute  to  the  difference  in  drafting  force, 
but  this  contribution  is  hard  to  evaluate.  )    The  increase  appears  in  all  lots  treated, 
including  P-2112,  which  was  treated  at  a  lower  temperature  by  our  latest  preferred 
procedure.     The  differences  are  due  to  differences  in  interfiber  friction.    Since  the 
treated  top  has  been  regilled  after  treatment,   there  is  no  longer  any  interfiber  bonding. 

Data  of  Table  1  also  show  an  apparent  increase  in  average  fiber  length  as  a 
result  of  treatment.    We  found,  however,  that  when  the  commercial  top  was  scoured 
or  backwashed,   the  average  length,  as  measured  by  the  Schlumberger  method, 
decreased  from  2.  65  to  2.  35",   but  then  returned  to  2.  51"  after  the  WURLAN  treat- 
ment.    We  therefore  explain  the  apparent  increase  as  due  to  straightening  of  the 
fibers  as  a  result  of  processing  and  the  decrease  from  scouring  as  due  to  relaxation 
to  a  more  crimped  state.    Length  measurement  is  also  important  for  revealing  fiber 
breakage  when  it  occurs.    A  decrease  in  average  length  by  1/4"  or  more  would  be 
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Table  1 

--Top  properties  related  to 

processing . 

Dust 

Draft  ing 

Fiber 

rat  ing 

Dust 

f  or  ce 

1  Q  v»  o  ^  ri 

lengLH , 

/All*-  r\— 

accumulation 

Lot  no . 

ixeacTiient 

gm/ gr / ya 

average 

leve 1 ler ) 

(roving  frame) 

r- ZUou 

Untreated  Dubois  o4s 

/■  t;  1 
t .  J  i 

z .  ou 

u 

1  to  / 

p_  0  07? 

i      £.\J  1  C 

JL  /o    iU  LL'ri  J     ^  /o  O 

1  n 

P-2074 

1%  TMDA,  2%  SC 

9.93 

2.71" 

3 

3 

P-2108 

Untreated  commercial  64s 

2.98 

2.65" 

0 

1 

P-2108 

The  same,  scoured 

2.35" 

P-2112 

1/4%  HMDA,  27,  SC 

7.76 

2.51" 

0  to  1 

3 

Key:    HMDA:     hexamethylene  diamine. 
TMDA:     trimethylene  diamine. 
SC:     sebacoyl  chloride. 

Dust  and  Accumulation  Ratings  —  0:  nil;  10:  excessive; 
3:  judged  acceptable. 


costly  and  commercially  unacceptable. 


Particularly  with  overtreated  top,  flaking  of  the  surface  coating  may  produce  an 
undesirable  cloud  of  dust  above  the  moving  faller  bars  of  the  Autoleveller  and  accumu- 
lation of  dust  on  the  front  roll  felt  clearer  of  the  roving  frame.    Excessive  dusting  is 
commercially  unacceptable.    A  well  qualified  operator  therefore  rated  the  various 
tops  from  0  to  10  with  respect  to  dusting  at  the  faller  bars  and  accumulation  on  the 
felt  clearer.    A  score  of  0  implies  nil  dusting,  10  an  arbitrary,   undesirable  maximum. 
Untreated  wool  normally  leaves  some  tan  or  gray  dusty  residue  on  the  felt  clearer,  as 
indicated  by  the  score  assigned  for  accumulation.    An  attempt  was  made  to  judge  the 
treated  samples  only  in  terms  of  white  polymer  dust  accumulated  in  addition  to  the 
normal  residue.    In  my  opinion,  a  score  of  3  or  less  indicates  an  acceptable  process. 

Standard  conditions  for  drafting  and  spinning.    In  order  to  make  usable  yarn  from 
treated  top  with  a  wide  variety  of  properties,  we  gradually  developed  the  standard 
process  outlined  in  Table  2.    Additional  operating  conditions  may  be  noted  as  follows. 


Table  2. --Standard  conditions  for  processing  experimental  WURLAN- treated  top  to  yarn. 


Opers tion 

Ends 
fed 

Draft 

Grains  per  yard 
delivered 

Tex 

Auto level ling 

4 

4  to  4.3 

260 

18,400 

Pindraf ting 

5 

5 

260 

18,400 

Pindraf ting 

4 

5.2 

200 

14,200 

Pindraf ting 

3 

8 

75 

5,300 

Roving 

1 

12.5 

6 

425 

Spinning 

1 

9.6 

0.625 

44 

1/20    8-1/2  t  Z 

Spinning 

1 

12.5 

0.481 

34 

1/26     11  t  Z 


Note:     1.5%  spinning  oil  was  added  at  the  first  pindraf ting  step  as  a 
20%  emulsion  in  water. 
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In  Autolevelling,  we  prefer  to  use  faller  bars  with  13  round  pins  per  inch  for  the  first 
operation  after  treatment.    The  nip  roll  should  be  moved  out  about  5/16  in.  from  its 
closed  position.    Special  attention  should  be  given  to  the  tension  gear:    best  results 
are  obtained  when  the  tops  enter  the  fallers  without  being  crowded. 

Our  Accumeter  unit  is  attached  to  the  pin  drafter,   so  that  we  find  it  convenient 
to  apply  spinning  oil  emulsion  at  the  first  pin  drafting  operation.    If  a  dust  rating  is 
not  needed,  one  of  the  first  two  operations  may  be  omitted.    After  emulsion  has  been 
applied,   pin  drafting  with  15  flat  pins  per  inch  is  satisfactory.    Moving  the  nip  roll 
out  from  its  closed  position  is  often  helpful.    An  increase  of  20  to  25%  in  the  con- 
denser width  is  advisable. 

The  roving  frame  brings  a  few  new  problems.    If  the  sliver  does  not  draft 
evenly,   opening  the  front  pin  setting  from  8  to  1 1  mm.  may  correct  the  difficulty. 
The  /reaction  of  the  fibers  to  apron- controlled  drafting  suggests  that  further  work  be 
done  on  the  amount  and  type  of  emulsion  used.    However,   this  is  not  really  a  serious 
problem.    A  suitable  finish  might  also  be  applied  as  part  of  the  WURLAN  treatment. 

Spinning  caused  no  trouble.    All  lots  were  started  without  difficulty  at  a  spindle 
speed  of  6500.    Treated  lots  can  always  be  spun  with  less  twist  than  untreated 
material  of  the  same  sort. 


This  standard  procedure  is  desirable  for  comparing  different  treated  lots  and 
suggests  conditions  that  may  be  needed  for  treated  material.    However,   its  use  pre- 
cludes the  use  of  optimum  conditions  for  each  individual  lot. 

Table  3 .--Properties  of  yarn  spun  from  untreated  and  WURLAN  treated  top^^ .  

3/  4/ 
Uster  Dynamometer-  Pacific  Tester  Scott  Tester- 


21  Strength, 
Lot  no .—  gm 

Elongation, 

7o 

Unevenness 
7o  Avg  Std 

%  CV 

Strength, 
pounds 

Skein  break 
product 

P-2060  234 

13.1 

51.9 

58% 

15.6 

37.2 

740 

P-2060{scoured)246 

12.7 

51.8 

II 

15.5 

39.5 

782 

P-2072  272 

14.7 

50.5 

II 

15.2 

48.5 

971 

P-2074  290 

16.5 

50.4 

II 

15.1 

51.6 

1010 

P-2108  273 

10.5 

57.3 

II 

17.2 

40.6 

815 

P-2112  271.6 

15.7 

56.8 

II 

17.1 

47.4 

920 

1/    All  tests  were  made 

with  1/20  worsted  count  yarn  with 

8,5  turns 

per  inch 

(Z- twist)  . 

IJ    For  treatment  of  each  lot,  see  Table  1. 

Zf    The  Uster  Dynamometer  is  a  standard  single  strand  tester. 

4/    The  Scott  Tester  values  refer  to  the  81-yard  skein  break  test;  they  respond 

more  sensitively  to  weak  places  in  the  yarn.  ^_ 

Yarn  properties.    We  now  compare,  in  Table  3,  treated  and  untreated  lots  with 
respect  to  yarn  properties  such  as  strength,  elongation,  and  evenness,  which  are 
important  in  further  processing.    The  results  show  that  scouring  or  backwashing  has 
a  negligible  effect  on  yarn  strength  or  elongation  but  that  the  two  treated  lots,  P-2072 
and  P-2074,  are  stronger  and  more  extensible.    Of  the  last  pair  of  samples,  the 
Uster  strength  is  the  same,  but  the  treated  has  a  higher  elongation  and  higher  Scott 
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strength.    Except  for  elongation,  we  regard  the  last  two  lots  as  essentially  the  same; 
the  actual  difference  may  be  due    to  the  amount  and  type  of  spinning  oil  present.  The 
evenness  results  assure  us  that  we  have  produced  acceptable  yarn  from  top  with  a 
considerable  range  of  properties.    Generally  speaking,  the  yarns  from  treated  lots 
are  somewhat  better  than  the  untreated. 

Knitting  and  weaving.  Mr.  Fong  has  described  two  tests  with  knitted  fabric.  One 
uses  a  l/26s  worsted  count  yarn  with  11  turns  per  inch  and  knit  into  fabric  on  a  TK 
knitting  machine.    The  other  uses  a  2/20s  worsted  count  yarn  (8.  5  tpi  in  the  single 
and  4,  5  tpi  in  the  two-ply)  knit  on  our  Ainslie  machine.    For  either  single  or  two-ply 
yarns,   steam  setting  is  recommended.     The  cycle  normally  used  with  untreated  lots 
is  equally  effective  with  yarn  from  WURLAN- treated  top.     Waxing  the  yarn  before 
knitting  is  helpful.    The  waxes  presently  available  might  be  improved  to  allow  softer 
cones  to  be  wound.    A  liquid  finish  might  also  be  satisfactory. 

No  special  problems  have  been  encountered  in  weaving  yarn  from  WURL.AN- 
treated  top,  either  when  the  yarn  (l/26s)  was  used  as  fill  with  a  cotton  warp  to  test 
shrinkage  or  in  all-wool  worsted  shirting  with  2/50s  worsted  count  warp  and  l/25s 
filling,  with  58  ends  and  48  picks  per  inch,  giving  a  5  oz.  per  square  yard  fabric  with 
a  construction  factor  of  about  100%.    Finishing  behavior  of  treated  and  untreated 
material  is  now  under  study. 

As  would  be  expected,  fabric  construction  has  a  marked  effect  on  wash  tests. 
For  example,   the  same  l/26s  yarn  showing  acceptable  shrinkage  control  in  the  TK 
test  was  inserted  as  filling  in  a  cotton  warp.    This  yarn  was  spun  from  top  treated 
with  1%  HMDA  and  2%  SC.    Felting  shrinkage  in  the  fill  direction  after  four  7  5-minute 
launderings  can  be  increased  from  12  to  26%  by  decreasing  the  number  of  picks  per 
inch  from  48  to  38.    Still  further  increase  results  from  changing  to  a  twill  weave  with 
55  picks  per  inch.    These  results  emphasize  the  need  for  further  study  of  fabric 
structure. 

Table  4. --Shrinkage  of  vool-mohalr  blends  in  Ainslie-knlt  fabrics.  


Material  Shrinkage,  % 
25%  mohair 

untreated  (one  75-minute  wash)  37.2 

WURLAN  treated  (four  washes)  4.0 

50%  mohair 

untreated  (one  wash)  34.2 

WURLAN  treated  (foxor  washes)  1.0 


For  treatment,  see  text. 

Processing  wool-mohair  blends.     Because  WURLAN  treatment  increases  fiber 
friction,  it  may  be  expected  to  facilitate  spinning  mohair.    After  exploratory  work, 
we  decided  to  test  blends  with  wool.    Accordingly,  wool  and  mohair  tops  were  scoured 
and  separately  treated  with  1/4%  HMDA  (1/2%  sodium  metas ilicate,  140  "F.  ,  8  yards 
per  minute  and  2%  SC).    The  treated  tops  were  blended  in  the  usual  way  to  give  two 
lots,  one  25%  mohair,  the  other  50%.    Untreated  control  lots  were  made  up  at  the 
same  time.    Each  lot  was  spun  to  1/lOs  worsted  count,  then  two-plied  and  knitted  on 
the  Ainslie  machine  into  tubular  fabric.    The  four  samples  were  piece-dyed  together 
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in  the  same  bath,  extracted,  dried,  and  tested  for  laundering  shrinkage  with  the 
results  shown  in  Table  4.    Shrinkage  protection  is  more  than  adequate  for  the  treated 
lots.    Since  these  have  a  firmer  hand  than  untreated  ones,  we  believe  the  level  of 
treatment  can  be  further  decreased. 


DYEING  AND  FINISHING  WURLAN- TREATED  WOOLS 

John  F.  Ash 
Wool  and  Mohair  Laboratory 
USDA,  Albany,  California 

How  does  the  WURLAN  process  affect  wool  dyeing  and  finishing?    How  do 
dyeing  and  finishing  affect  the  shrinkage  control  due  to  WURLAN  treatment?  This 
report  describes  studies  of  these  questions,  particularly  with  respect  to  dyeing.  As 
might  be  expected,  when  wool  fibers  are  coated  with  polyamide  they  also,  to  a  cer- 
tain extent,  take  on  dyeing  properties  of  ordinary  nylon.     Thus  WURLAN-treated 
wool  accepts  dyes  at  a  lower  temperature  than  untreated  wool.    Both  laboratory 
dyeing  tests  and  plant  experience  show  that  treated  material  differs  slightly  from 
untreated  wool  but  creates  no  special  problems.    Slight  adjustment  in  dye  recipes 
and  procedure  may  be  required,  but  the  methods  are  essentially  unchanged. 
Softening  agents,  if  wanted,  can  be  applied  in  the  usual  way. 

ANTHRAQUINONE  VAT  DYES.    The  increased  dyeability  of  WURLAN-treated 
wool  is  well  illustrated  with  anthraquinone  vat  dyes,  which  are  taken  up  much  more 
readily  than  by  untreated  wool.    The  high  alkalinity  generally  needed  for  reducing 
and  dispersing  vat  dyes  commonly  precludes  their  use  with  wool,  although  as  a 
class  their  brightness,  fastness,  and  level  dyeing  make  them  desirable.  These 
properties  led  us  to  study  the  behavior  of  WURLAN-treated  wool  with  representative 
anthraquinone  vat  dyes.    For  this  purpose  Vat  Jade  Green  BFD  (Colour  Index  Vat 
Green  I,  59825,  seconded.).  Wool  Violet  RN  (C.  I.  Vat  Violet  I,  60010),  Vat 
Brilliant  Yellow  3GWP  (C.  L  Vat  Yellow  10,  65430),  Vat  Red  FBBP  (C.  I.  Vat 
Red  10,  67000),  and  Vat  Dark  Blue  BO  {C.  I.  Vat  Blue  20,  59800)  were  used. 

Tests  were  first  made  with  Jade  Green  at  various  pH's  to  determine  conditions 
for  maximum  dye  absorption  and  limiting  fiber  stability.     Two  percent  dyeings  were 
made  on  9-inch  squares  of  10-oz.  wool  flajuiel,  either  WURLAN-treated  at  the 

I.  5%  level  or  untreated.    The  dye  bath  contained  (per  liter)  0.  5  g.  of  dye,  1  g.  of 
sodium  hydrosulf ite,  and  0.1  g.  of  a  nonionic  leveling  and  dispersing  agent. 
Caustic  soda  or  acetic  acid  was  added  in  varying  amounts  to  adjust  pH  as  desired 
between  3.  5  and  12.  3.    Acid  baths  were  made  up  by  first  forming  the  leuco 
derivative  in  alkali,   then  adding  it  to  enough  56%  acetic  acid  to  give  the  desired  pH. 
Fabrics  were  dyed  20  minutes  at  160  °  F. 

Fabric  strength.     Tensile  strength  measurements  with  2-inch  cut  strips  at  3- 
inch  gauge  length  show  little  variation  among  samples  dyed  at  pH's  between  3.  5  and 

II.  Within  this  range,   treated  fabrics  are  regularly  about  10%  stronger  than 
untreated  and  the  values  are  near  those  of  the  undyed  fabrics.    Above  pH  11  strength 
decreases  rapidly  and  the  difference  between  treated  and  untreated  samples 
disappears. 
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Alkali  solubility.    Alkali  solubility  of  the  samples  dyed  at  the  various  pH's  was 
also  used  to  indicate  possible  damage  due  to  vat  dyeing.     The  results  shown  in 
Table  1  suggest  that  WURLAN- treated  samples  have  an  alkali  solubility  characteris- 
tically about  1  to  Z%  lower  than  that  of  corresponding  untreated  wool.     This  difference 
disappears  above  about  pH  10,   suggesting  the  beginning  of  detectable  damage. 


Table  1. --Alkali 

solubility  of  wool 

fabrics  vat  dyed  at  various 

pH's. 

r>H   H 1 1 T"  1  n  o 

Alka 1 i 

aye 

UTTPT  AM— f-'ron t-<ar1 

7. 

% 

7. 

4.0 

12.7 

14.9 

-2.2 

4.6 

12.3 

14.1 

-1.8 

6.3 

12.0 

13.1 

-1.1 

8.2 

11.3 

12.5 

-1.2 

9.1 

11.1 

12.8 

-1.7 

10.0 

12.0 

12.4 

-0.4 

10.9 

9.6 

10.1 

-0.5 

11.5 

6.8 

7.2 

-0.4 

12.1 

6.8 

6.9 

-0.1 

12.4 

7.3 

7.6 

-0.3 

12.6 

8.5 

7.6 

+0.9 

Evaluation  of  various  anthraquinone  vat  dyes.     Further  dyeings  were  made  with 
dyes  at  levels  from  1  to  5%.    For  these  tests,  fabric  samples  weighing  25  g.  were 
treated  with  the  appropriate  amount  of  dye  and  4%  sodium  hydrosulfite  (5%  for  5% 
dyeings),   3%  caustic  soda,  and  1%  nonionic  dispersing  agent.     The  percentages  are 
based  on  fabric  weight.     The  samples  were  dyed  ZO  minutes  at  130  °F.     The  dyed 
samples  were  examined  for  lightfastness,  washfastness,  and  crocking  with  sodium 
oleate  and  also  a  nonsudsing  synthetic  detergent.    In  some  cases  cross  sections  were 
examined  microscopically  for  the  occurrence  of  ring  dyeing.     The  blue  dyeings  were 
unsatisfactory.    Higher  alkalinity  appears  necessary  for  satisfactory  uptake  and 
fastness  of  the  blue  dye. 

Lightfastness.     Of  the  various  dyes,  the  Jade  Green  has  excellent  fastness  at 
all  levels  of  dyeing  in  exposures  up  to  80  hours  in  an  Atlas  Fadeometer.    At  the  1% 
dyeing  level,  the  Yellow  fades  slightly  in  80  hours,  while  the  Violet  and  Red  fade 
considerably  in  40  hours.    At  higher  dyeing  levels  the  Red  fades  only  very  slightly 
in  80  hours,  the  Violet  noticeably.    Fastness  on  cotton  appears  somewhat  better. 

Laundering.     Launderometer  tests  in  the  presence  of  multifiber  test  cloth,  using 
sodium  oleate,  produce  no  color  transfer.    However  the  Jade  Green  and  Red,  in 
particular,  at  3  to  5%  dyeing  levels  stain  the  nylon  and  acetate  slightly  when 
laundered  with  a  nonsudsing  laundry  detergent.    All  laundered  swatches  show  some 
color  change.    The  staining  depends  on  the  pH  of  dyeing  as  well  as  the  agent  used  in 
the  wash  test.    With  the  nonsudsing  detergent,   staining  is  considerable  with  all 
samples  dyed  below  pH  11.    For  samples  dyed  above  pH  11,   staining  is  nil. 

Optimum  conditions  for  vat  dyeing.    Although  anthraquinone  vat  dyes  normally 
require  high  concentrations  of  alkali  for  satisfactory  diffusion  into  wool,  with  some 
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of  these  dyes  good  color  absorption  can.  be  achieved  with  WURLAN- treated  wool 
without  important  loss  of  strength  by  limiting  the  sodium  hydroxide  to  about  0,75 
g.  /liter  to  give  a  pH  near  11.    Satisfactory  dyeings  can  be  obtained  in  only  15  or  20 
minutes  at  the  relatively  low  temperature,  130  °F.     Under  these  conditions  the  soft- 
ness or  hand  of  the  fabric  is  not  harmed.    Although  in  some  cases  the  stability  of 
the  dyeings  to  light  or  laundering  is  less  satisfactory  than  can  be  obtained  at  higher 
pH  or  on  cotton,   in  general  these  properties  are  satisfactory  for  practical  use. 

ACID  LEVELING  AND  PREME TALLIZED  DYES.      In  applying  the  WURLAN 
process  to  top,  we  have  found  that  hexanediol  bis chloroformate  is  a  promising 
alternative  to  sebacoyl  chloride  for  the  second  treating  bath.     To  compare  in  detail 
the  processing  behavior  of  tops  treated  in  the  two  systems,  fine  {64s)  and  quarter 
blood  (54s)  tops  were  treated  with  1%  hexamethylene  diamine  (HMDA)  followed  by 
either  2%  sebacoyl  chloride  (SC)  or  2%  hexanediol  bischloroformate  (HDBC).  The 
top  was  processed  to  yarn  as  described  by  Mr.  Fong  and  Mr.  Ingenthron  and  portions 
were  bleached  or  dyed  in  the  form  of  skeins  with  acid  leveling,   acid  premetallized, 
or  neutral  premetallized  dyes.     The  yarn  was  then  knitted  into  tubular  fabric  on  an 
Ainslie  hand  knitting  machine.     The  fabric  shrinkage  was  tested  by  the  procedure 
described  by  Mr.  Fong. 

Dyeing  caused  no  particular  difficulty.     The  polyamide  coating  dyes  at  a  lower 
temperature  than  the  wool,   but  continued  boiling  drives  the  dye  into  the  fiber. 
Bleaching  and  the  various  dyeing  treatments  have  somewhat  different  effects  on 
shrinkage  protection,   so  that  these  interesting  results  are  reported  in  detail. 

Procedure.    Untreated  yarns  of  both  qualities  (64s  and  54s)  were  reserved  for 
comparison.    Yarns  of  both  qualities  and  treated  by  both  procedures  (SC  and  HDBC) 
were  made  into  skeins  and  bleached  or  dyed  according  to  the  following  plan. 

Untreated,  unbleached,  undyed  (controls). 
Treated  samples: 
Unbleached 

Undyed,   dyed  with  acid  leveling  dye,  dyed  with  acid  premetallized  dye, 
dyed  with  neutral  premetallized  dye. 
Bleached 

Undyed,   dyed  with  acid  leveling  dye,   dyed  with  acid  premetallized  dye, 
dyed  with  neutral  premetallized  dye. 

Bleaching.      Three  kg.  of  yarn  were  prescoured  20  minutes  at  130  °F.   in  a 
45-gallon  bath  with  15  grams  of  Igepal  CO-710  and  25  grams  of  tetrasodium 
pyrophosphate.     The  yarn  was  rinsed  thoroughly.     The  bleach  bath  was  made  up 
with  1  gallon  of  27.  5%  hydrogen  peroxide,  1  lb.  of  tetrasodium  pyrophosphate,  and 
J  lb.  ammonium  sulfate.     The  yarn  was  treated  4  hr.  at  125  °F.  ,  with  complete 
circulation  every  30  min.     The  yarn  was  rinsed  thoroughly  and  air  dried. 

Dyeing  with  acid  leveling  dye  (red).     Skeins  weighing  in  total  1.6  kg.  were 
prescoilred  as  before,   but  atl20°F.  and  rinsed  thoroughly.    Anew  bath  was  made 
up  at  110°  F.  with  50  cc.  of  glacial  acetic  acid,    1  lb.  of  sodium  sulfate,   and  45  g. 
of  Irgasol  SW.    The  bath  was  circulated  5  min.  and  the  initial  pH  (5.  0)  checked. 
The  dyes,  40.  5  g,  Azo  Phloxine  GA  and  4  g.  Fast  Light  Red  BA,  were  added.  The 
bath  (with  the  yarn)  was  slowly  brought  to  the  boil  in  35  min.  and  boiled  for  an 
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additional  30  min.     Then  50  cc.  of  formic  acid  (88%)  were  added  and  boiling  continued 
for  15  min.     The  final  pH  was  4.  5.     The  yarn  was  rinsed  well,  with  the  rinsing  bath 
adjusted  to  about  pH  6.  5,   then  extracted  and  air  dried. 

Dyeing  with  acid  premetallized  dye  (gold).     Skeins  weighing  in  total  1.  6Z5  kg. 
were  prescoured  as  before  at  IZO  °  F.  and  rinsed.    A  new  bath  was  made  up  at  1 10  °  F. 
with  250  g.  of  sulfuric  acid  (98- 100%),   1    lb.  sodium  sulfate,  and  15  g.  Maypon  K903. 
The  bath  was  circulated  5  min.  and  the  initial  pH  (2.  2)  checked.    Dyes,  40  g.  Calco- 
fast  Wool  Yellow  N,  1.  5  g.   Calcofast  Wool  Pink  N,  and  0.  5  g.   Calcofast  Wool  Blue 
2GW,  were  added.     The  bath  with  the  yarn  was  brought  slowly  to  the  boil  in  35  min. 
and  boiled  for  an  additional  45.     The  yarn  was  then  rinsed  well,   being  left  slightly 
acid,   extracted,   and  dried. 

Dyeing  with  neutral  premetallized  dye  (Copenhagen  blue).    Skeins  weighing  in 
total  1.  5  kg.  were  prescoured  as  before  at  120  *  F.  and  rinsed.    A  new  bath  was  made 
up  at  110°F.  with  45  g.  of  ammonium  sulfate  and  30  g.  of  Diazopon  SS-837.  The 
bath  was  circulated  5  min.  and  the  initial  pH  (8.  2)  checked.     The  dyes,   5  g.  of 
Supralan  Blue  NBCF  and  5  g.  of  Supralan  Blue  G,  were  added.    The  bath  with  the 
yarn  was  brought  slowly  to  the  boil  in  35  to  45  min.  and  boiled  an  additional  40  min. 
Then  15  cc.  of  acetic  acid  were  added  and  boiling  continued  20  minutes.     The  final 
pH  was  5.  5.    The  yarn  was  then  rinsed  well,  extracted,  and  dried. 

Wash  testing.     Tubular  fabric  samples  knitted  on  an  Ainslie  hand  knitting 
machine  were  marked  for  reference  and  allowed  to  relax  without  agitation  for  30 
min.   in  water  at  40  °  C.  in  a  Kenmore  agitator-type  home  washer.    Six  cc.  of 
Triton  X-100  were  added  to  the  bath  at  medium  water  level.    Relaxed  measurements 
were  made  after  extracting  and  tumble  drying.     Then  a  series  of  full-cycle  launder- 
ings  was  carried  out  at  40  "  C.  using  60  g.  of  a  nonsudsing  detergent  at  medium 
water  level.    After  each  cycle  the  fabrics  were  tumble-dried  and  measured. 

Shrinkage  tests  of  the  dyed  and  bleached  fabrics.     The  influence  of  bleaching 
and  dyeing  with  the  various  dyes  is  shown  in  Table  2  for  the  fine  and  medium  wool 
tops,   WURLiAN- treated  with  HDBC  and  SC.    Note  that  fabrics  from  top  treated  with 
HDBC  almost  always  show  less  shrinkage  than  corresponding  fabrics  from  top 
treated  with  SC.     The  difference  is  especially  marked  with  fabrics  made  from  the 
finer  64s  wool.    Second,   all  bleached  samples,  whether  or  not  subsequently  dyed, 
increase  in  area  after  each  of  the  first  two  launderings.    Even  in  four  launderings, 
the  fine  wool  fabrics  stabilized  with  HDBC  undergo  very  little  continuing  dimensional 
change.    Again,  Hie  fabrics  made  from  the  coarser  wool  are  less  well  stabilized 
than  those  from  the  finer;  nevertheless  the  ultimate  small  shrinkage  of  the  dyed- 
bleached  samples  from  top  treated  with  HDBC  is  very  encouraging. 

Among  unbleached  samples,  dyeing  almost  always  results  in  better  shrinkage 
control.     The  type  of  dye  used  or  perhaps  the  dyeing  procedure  makes  a  significant 
difference.    Samples  dyed  with  the  acid  premetallized  dyes,   in  spite  of  treatment 
at  very  low  pH,  are  most  like  undyed  fabrics.     Better  control  is  realized  after 
dyeing  with  the  acid  leveling  dyes,  while  the  neutral  premetallized  dyes  gave  as 
good  or  even  better.    In  general,  for  either  bleached  or  unbleached  yarn,  for 
either  chemical  treatment,   and  for  either  wool  quality,  neutral  premetallized 
dyeing  almost  always  results  in  best  dimensional  stability. 
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Since  in  our  experience  dyeing  does  not  impair  the  shrinkage  protection  given 
by  WURLAN  treatment  we  recommend  treating  before  dyeing.    Materials  to  be 
treated  after  dyeing  must  be  dyed  with  colors  that  are  not  harmed  by  the  highly 
alkaline  first  treating  bath. 

Table  2 .--Dimensional  changes  in  Ainslie  knit  fabrics  from  untreated  and  experimental 
WURLAN- treated  tops,  showing  effects  of  wool  fineness,  treatment,  bleaching, 
and  dyeing.     (Data  are  percentage  of  length.     Prefix  g  =  gain.    No  prefix  = 
shrinkage.     Tops  were  treated  in  1%  hexamethylene  diamine  followed  by  either 
27o  hexanediol  bischlorof ormate  or  2%  sebacoyl  chloride.) 


Acid 

Acid 

Neutral 

No  dye 

!  premetallized 

leveling 

premetallized 

Bleaching  Bleaching 

Bleaching 

Bleaching 

Washing 

Yes 

No              Yes  No 

Yes  No 

Yes 

No 

Fabrics 

from  untreated  fine  wool  64s  top 

First 

26,7 

41.0             5.7  26.4 

11.8  27.2 

6.0 

35.7 

Second 

19.0 

Fabric 

from  untreated  medium  wool  54s  top 

First 

48,0 

r  aor  ics 

from  fine 

wool  64s  top  (P-2070)  treated' 

with  hexanediol 

bischlorof ormate 

First 

g  7.5 

0.2         g  7.8         g  0.2 

g  3.3         g  1.2 

g  3.8 

g  5.3 

Second 

glO.2 

3.8         glO.7  0.5 

g  4.0         g  0.3 

g  3.5 

g  3.0 

Third 

g  7.3 

7.5         g  9.0  3.1 

g  4.0  0.7 

g  5.2 

g  2.3 

Fourth 

g  7.3 

9.0         g  9.3  8.1 

g  3.0  4.3 

g  6.2 

g  0.2 

f  aorxcs 

from  medium  wool  54s  top  (P-2071)  treated  with  hexanediol  bischlorof ormate 

First 

g  7.7 

g  0.2         g  5,5  1.5 

g  4.2  3.2 

g  1.8 

0.3 

Second 

g  1.0 

7.8         g  5.0  5.2 

g  0.9  7.3 

g  2.2 

7.5 

Third 

4.5 

18.0            0.0  16.9 

0.8  11.3 

g  2.3 

14.0 

Fourth 

10.3 

25.8             5.3  25.9 

7.8  19.3 

1.2 

19.3 

Fabrics 

from  fine 

wool  64s  top  (P-2072)  treated 

with  sebacoyl  chloride 

First 

gll.2 

4.7  6.0 

1.0 

g  3.0 

Second 

g  9.2 

17.8  18.3 

7.5 

1.7 

Third 

g  5.0 

26.8  26.3 

15.3 

8.8 

Fourth 

0.7 

23.5 

16.5 

Fabrics 

from  medium  wool  54s  top  (P-2073)  treated  with  sebacoyl 

chloride 

First 

g  7.6 

11.8  8.8 

2.1 

0.5 

Second 

g  6.7 

27.5  22.5 

13.3 

10.1 

Third 

2.0 

36.7 

23.3 

19.7 

Fourth 

9.3 

28.0 
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DETERMINATION  OF  POLYAMIDE  ON  WURLAN- TREATED  WOOL 


Clay  E.  Par  do 
Wool  and  Mohair  Laboratory 
USDA,  Albany,  California 

This  report  describes  a  way  to  estimate  the  polyamide  on  WURLAN- treated 
wool  and,   second,  gives  evidence,  from  this  measurement  and  others,  of  the 
mechanism  of  shrinkage  control.     The  method  depends  on  selective  dye  sorption. 
It  was  initially  developed  to  measure  the  polyamide  on  WURLAN- treated  fabrics.  In 
the  test,  the  wool  sample,  which  may  be  dyed  or  undyed,   is  treated  with  a  solution 
of  Rhodamine  B  (RhB)  in  benzyl  alcohol,  which  does  not  swell  the  wool.  Excess 
solution  is  removed  by  rinsing  with  toluene,  a  solvent  for  benzyl  alcohol  but  not  for 
the  dye.    Finally  the  dye  taken  up  by  the  treated  wool  is  stripped  from  the  wool 
with  methyl  alcohol,  diluted  to  a  known  volume,  and  measured  color imetrically. 
Details  are  summarized  in  Appendix  I.     Within  limits,  RhB  uptake  is  fairly  well 
correlated  with  polyamide  uptake  as  determined  by  increase  in  the  fabric  dry  weight. 
The  coefficient  of  variation  of  the  test,  as  applied  to  a  number  of  fabrics  with 
various  polymer  uptakes,  is  about  7%.    Figure  1  shows  the  relation  between  dye 
sorption  and  polymer  content  for  wool  flannel  and  worsted  shirting,  each  treated 
to  obtain  a  considerable  range  of  polyamide  uptake. 

Attempts  to  develop  a  procedure  giving  consistent  results  for  wool  in  various 
forms  (top,  yarn,  and  fabric)  led  to  several  requirements  more  restrictive  than 
necessary  for  measuring  only  fabrics.    Because  of  the  greater  bulk  of  top,  the 
volume  of  dye  solution  was  increased  from  ZO  to  50  ml.  and  dye  concentration  was 
increased  at  the  same  time  to  1%.    Other  modifications  were  introduced  as  follows: 
after  dyeing,  excess  dye  solution  is  removed  by  centrifuging  5  min.  at  1000  g.  ;  the 
sample  is  then  rinsed  once  by  swirling  10  sec.   in  50  ml.  of  toluene  and  centrifuged 
again  for  3^  min.  at  1000  g.  ,  using  the  extraction  apparatus  shown  in  Figure  2 
(developed  originally  to  determine  water  uptake)  (1).     The  apparatus  fits  inside  a 
standard  50  ml.  centrifuge  tube  holder.    It  consists  of  a  cylindrical  "basket"  of 
stainless  steel,  with  two  cross  bars,   into  which  the  sample  is  put.     This  rests  on 
a  porous  stainless  steel  disc,   supported  in  turn  by  a  cylindrical  tube  forming  a 
reservoir  for  liquid  removed  from  the  sample. 

Effects  of  time  and  speed  of  centrifuging  are  shown  in  Figure  3.    On  this  basis, 
five  min.  of  centrifuging  at  1000  g.  was  chosen  as  standard.     With  this  procedure  the 
relative  weights  of  both  dye  and  rinse  solutions  retained  on  wool  top,  yarn,  or  fabric 
were  the  same,  making  it  reasonable  to  expect  that  wool  at  similar  polymer  uptakes 
would  have  the  same  dye  uptake  if  the  dye  penetrated  each  fibrous  mass  to  the  same 
extent.    However,   the  state  of  fiber  consolidation  does  affect  the  amount  of  dye 
sorbed.     The  dye  uptake  increased  on  yarn  or  fabric  samples  (initially  treated  in  the 
top  form  and  then  processed)  after  they  had  been  cut  into  5-mm.  lengths  and  dispersed 
in  hot  water  so  as  to  insure  complete  exposure  of  all  fiber  surfaces  to  the  dye. 
Unfortunately  some  polymer  is  lost  in  this  procedure. 

Effects  of  mechanical  processing  and  sample  preparation  on  dye  uptake  are 
well  illustrated  in  Table  1.    Part  of  a  lot  of  64s  top  was  treated  with  1%  HMDA  in 
sodium  carbonate  applied  at  110  "  F.  ("High  level"),  a  second  portion  was  treated 
with  1/4%  HMDA  in  sodiimi  metasilicate  at  140  "  F.  ("low  level").    In  each  case  HMDA 

173 


1.0 


"S  0.8  h 
(D-S  0.6h 

&  0.2 


o  -  Woolen  flannel 
X  -  Worsted  shirting 


y 

X  ^ 


1  2  3  4  5 

Polymer  uptake,  % 

Figure  1:    The  relation  of  dye  sorption  and  polymer  content  as  determined 
by  increase  in  dry  weight.     The  wool  flannel  (7  oz.  /sq.  yd.  )  and 
worsted  shirting  (4.  7  oz.  /sq.  yd.  )  were  treated  with  hexamethylene 
diamine  at  1/4  to  2%  followed  by  Z%  sebacoyl  chloride  or  HMDA  at 
4  or  8%  followed  by  4%  SC.    Weighed  samples  were  exposed  4  min. 
with  shaking  to  0.  5%  Rhodamine  B  in  benzyl  alcohol.     The  samples 
were  extracted  with  5  successive  toluene  rinses.     The  remaining 
dye  was  stripped  from  the  fibers  with  methyl  alcohol  and 
measured  colorimetr ically. 


Rubber  Stopper 
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Relainlng  Rods 


ous  S.  S.   Plate  (2) 


S.   Tube  for  Water 
Reacrvoir 


0.  D.   Approx.    same  as 

1.  D.   of  Centrifuge  Shell 


#325  Trunnion 


#320  50  ml 
Cenlrifug.'  Shell 


Figure  2:   Centrifuge  assembly  for  extraction  of  excess  dye  and  rinse 
solutions  in  the  modified  dye  sorption  procedure  for  top. 
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Figure  3:  Effect  of  time  and  centrifugal  force  on  dye  sorption  of  top  treated 
with  1%  HMDA  at  110°F.  for  30  sec.  followed  by  2%  sebacoyl 
chloride  in  Stoddard  solvent. 

Table  1. --Effect  of  sample  preparation  and  processing  on  dye  sorption  =  Rhodamine  B 
in  milligrams  per  gram  of  v70ol. 
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Top 


Yarn 


High  level 


As  received          Dispersed               As  received  Dispersed 
-  32%   1   T  30%  —   


r 

.701 

t 


,473 


53% 


.313 


1 

.332 

J 


Lov7  level 


.519 


9.6% 


.459 


24% 


16% 


.253 


V 

,394 


treatment  was  followed  by  2%  SC  in  the  second  step.     Part  of  the  treated  top  was 
then  made  into  yarn.    Dye  uptake  of  both  ungilled  top  and  yarn  was  measured;  in 
each  case  samples  were  measured  both  as  received  and  after  cutting  into  5-mm. 
lengths  and  dispersing  in  hot  water.    If  dye  sorption  is  fundamentally  proportional 
to  polyamide  content  but  affected  by  sample  accessibility,   the  results  illustrated 
in  Table  1  may  be  interpreted  as  follows:    (a)    If  the  top  samples  are  completely 
accessible  as  received,   an  appreciable  amount  of  polymer  is  lost  from  them  as  a 
result  of  cutting  and  dispersing:    from  10  to  30%;  the  greater  loss  occurs  from  top 
given  the  high-level  treatment,  which  also  has  the  higher  initial  uptake,     (b)  Hroc- 
essing  to    yarn  occasions  a  somewhat  greater  loss:    25  to  50%;  again  the  greater 
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loss  is  from  the  top  treated  at  the  high  level,    (c)    The  yarn    structure  interferes 
with  dye  uptake.    Since  yarn  has  been  through  severe  mechanical  treatment,  I 
would  expect  the  remaining  polyamide  to  be  not  easily  removed  by  the  cutting  and 
dispersing  process.    However,   the  increase  in  uptake  resulting  from  dispersing 
the  yarn  fibers  is  much  greater  for  the  low-level  than  for  the  high-level  yarn.  This 
discrepancy  remains  to  be  accounted  for.    Nevertheless,   the  loss  on  cutting  and 
dispersing  top  may  be  useful  as  an  indication  of  dusting  to  be  expected  in  further 
processing. 

The  relationship  of  RhB  uptake  measured  with  the  uncut  top  "as  received,  "  to 
polyamide  content  (from  the  dry  weight  increase)  before  and  after  regilling  is  shown 
in  Figure  4.     Treatment  was  with  HMDA,  at  the  various  concentrations  noted  above 
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Figure  4:    The  relationship  of  RhB  uptake  to  polyamide  content  before  and 
after  regilling.    HMDA  treating  concentration  levels  are  indi- 
cated at  points  shown  above  the  topmost  curve. 

the  graph,   in  the  presence  of  sodium  metasilicate  at  140  °  F.  for  30  sec.  followed  by 
10  sec.   in  3%  SC  in  Stoddard  solvent.    At  levels  of  diamine  concentration  of  practical 
interest,  from  1/4  to  1%,   RhB  uptake  can  be  used  to  measure  the  polyamide  deposited 
When  more  polymer  is  deposited,  dye  uptake  falls  off  either  because  fiber  adhesion 
restricts  access  of  the  dye  solution  to  the  top  or,   in  the  case  of  regilled  top,  because 
mechanical  treatment  removes  some  polyamide. 


Shrinkage,   dye  uptake,  and  single  fiber  friction.     The  following  relationships 
among  shrinkage,  dye  uptake,  and  frictional  properties  provide  insight  into  the  way 
top  treatment  acts  to  prevent  shrinkage.    Mr.  Fong  has  reported  an  experiment  in 
which  four  conditions  of  treatment  were  varied  systematically  to  find  optimum  con- 
ditions for  controlling  shrinkage  with  minimum  fiber  bonding  (see  his  Table  5  and 
Figure  6).    Figure  5  shows  the  relationship  of  dye  sorption  on  the  treated  top  and 
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Figure  5:   RhB  dye  sorption  on  WURLiANized  top  plotted  against  woven 
fabric  shrinkage. 

woven  fabric  shrinkage  for  the  same  group.    In  general,  the  higher  dye  sorption, 
from  which  we  infer  the  higher  polyamide  deposition,   the  better  the  shrinkage 
protection.    Since  fiber  bonding  in  fabric  is  eliminated  by  regilling  the  treated  top, 
we  infer  that  the  main  hindrance  to  fiber  movement  is  due  to  change  in  the  fiber 
surface  properties. 


This  hypothesis  is  made  more  definite  by  Figure  6,  which  shows  that  surface 
friction  measured  for  movement  along  the  fiber  surface  from  root  to  tip  ("with- 
scale")  increases  substantially  with  the  amount  of  polymer  uptake,  and  by  Figure  7, 
which  shows  that  the  scaliness  or  relative  difference  between  the  frictional  coeffi- 
cients with  and  against  the  scale  direction,  decreases  with  increased  polymer 
uptake,  as  indicated  by  dye  sorption.     These  data  also  show  a  marked  dependence  of 
shrinkage  on  surface  friction  (decreasing  with  increasing  friction)  and  differential 
friction  (decreasing  with  decreasing  directional  difference). 

Changes  in  surface  frictional  properties  are  sometimes  seen  to  be  accompanied 
by  changes  in  appearance  under  the  optical  microscope,  as  shown  in  Figure  8. 
The  fiber  surface  in  these  cases  shows  longitudinal  wrinkles,  increasing  in  intensity 
with  increasing  concentration  of  the  HMDA  solution,   somewhat  as  if  an  inelastic  but 


177 


flexible  coating  formed  on  a  swollen  fiber  had  folded  as  swelling  decreased.  However, 
a  similar  effect  has  been  reported  by  Brown  to  result  from  alkaline  treatment  (2). 
Increased  surface  friction  may  therefore  by  due,   at  least  in  part,   to  increased 
roughness. 


it 

o 

5 


300 


.250 


.200  - 


,150  - 


^  .100 


•  =  Na.2  SiO^ 

•  =  A/a2  CO3 

O  =  'A  %  HMDA 

•  =  '/2  %  HMDA 


-6 
?- 


1  ^ 


i- 


r 

i  = 

f4-0°F 

?  = 

IWF 

0-  = 

8  rPM 

-0  = 

4  YPM 

1 


1 


0     .100     .200    .300   .400    .500  .600 
Mg  Rd  B  ABSORBED/gm  OF  TOP 

Figure  6:  RhB  dye  sorption  on  WURLANized  top  plotted  against  with- 
scale  coefficient  of  friction.    Wet  frictional  coefficients 
obtained  by  the  capstan  method  measuring  the  saturated 
fiber  against  glass. 


Summary.     A  simple  method  for  estimating  polyamide  interfacially  deposited 
cin  wool  top  is  based  on  selective  dye  sorption  from  a  non-swelling  solvent.  Sorption 
increases  linearly  with  the  polymer  deposited  on  samples  treated  at  hexamethylene 
diamine  concentrations  up  to  1%.    Above  1%,  fiber  bonding  by  the  polymer  limits  dye 
accessibility.    Accessibility  is  also  affected  by  compactness  of  the  fiber  mass  so 
that  polymer  uptakes  of  various  forms  of  top,  yarn,  and  fabric  cannot  be  directly 
compared  by  this  method.    However,  the  polymer  stripped  from  top  during  regilling 
can  be  estimated,  so  that  varying  treatment  conditions  can  be  appraised.  From 
relations  shown  to  exist  between  polymer  uptake  and  dye  sorption,  fiber  friction  and 
shrinkage,   the  mechanism  whereby  the  treatment  inhibits  felting  shrinkage  appears 
to  be  twofold:    (1)    increase  in  overall  friction  restricts  fiber  movement  within  the 
yarn;  (2)   decrease  in  the  differential  frictional  effect  decreases  the  tendency  for 
irreversible  fiber  displacement. 
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Figure  7:    Single  fiber  scaliness  plotted  as  function  of  RhB  dye  uptake. 
Appendix  1.    Sunnmary  of  procedure  for  determining  Rhodamine  B  uptake. 

1.  Prepare  dye  solution  by  dissolving  spectrophotometrically  pure  Rhodamine  B  (3) 
(prepared  by  recr ystallizing  twice  from  hot  5%  HCl)  in  benzyl  alcohol  to  a 

final  concentration  of  0.  5%  (wgt.  /vol.  ). 

2.  Condition  fabric  in  2%  sodium  acetate  (wool:  solution/1:  25)  for  30  min.  ,   rinse  in 
3  changes  of  distilled  water,  express  water,   dry,   and  condition  at  70  °F.  and 
65%  RH  for  at  least  3  hours. 

3.  Stamp  out  2-inch  circular  test  samples  with  a  suitable  die  (Suter  sample  cutter); 
weigh  to  nearest  mg.     Calculate  dry  weight  from  oven  moisture  analysis 

(110  °  C.  ,   2  hr.  )  carried  out  on  a  separate  sample. 

4.  Place  sample  in  a  125-ml.  Erlenmeyer  flask  with  20  ml.  of  dye  solution  and 
shake  4  min.    Decant  and  drain  for  10  sec.    Rinse  sample  with  5  successive 
25-ml.  portions  of  reagent  grade  toluene,   swirling  the  sample  in  contact  with 
the  solvent  for  10  sec.  and  draining  for  10  sec.  between  rinses.     Blot  sample 
with  filter  paper  to  approximately  100%  wet  pickup. 

5.  Rinse  dye  from  sample  with  4  successive  25-ml.  portions  of  reagent  grade 
methanol.     Collect  rinsings,  add  1  drop  of  concentrated  ammonium  hydroxide, 
and  make  to  volume  in  a  100-ml.  volumetric  flask. 


179 


Figure  8:  Left:  Surface  features  of  an  untreated  wool  fiber  taken  from  a 
64s  top,  mounted  on  glass  slide  under  cellulose  tape.  Magnifi- 
cation about  800  X.  Right:  Fiber  taken  from  same  top  after 
treatment  with  1/Z%  hexamethylene  diamine  and  1/2%  sodium 
metasilicate  for  30  sec.  at  140  °  F.  ,  followed  by  2%  sebacoyl 
chloride  in  Stoddard  solvent  for  5  sec.  near  75°F.  ,  mounted 
under  cellulose,  tape.     Magnification  about  1270  X. 

Determine  dye  concentration  with  a  colorimeter  fitted  with  a  light  filter  giving 
maximum  transmittance  near  or  at  545  millimicrons.     Calculate  amount  of  dye 
sorbed  per  gram  of  dry  wool. 
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Spicer,  Mr.  George  W. 
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Harchem  Div. 
Wallace  &  Tiernan 
Belleville,  New  Jersey 

Von  Bergen,  Dr.  Werner 
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